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PREFACE. 



The present Volume has been written among the rocks which 
it seeks "to describe, during the intervals of leisure of a field- 
geologist. Its composition has been carried on by snatches, 
often short and far apart, some of the descriptions having been 
jotted down on the spot by streamlet and hill-side, or in the 
quiet of old quarries ; others, again, in railway-carriage or stage- 
coach. By much the larger portion, however, has been written 
by the village fireside, after the field-work of the day was 
over — a season not the most favourable to any mental exercise, 
for weariness of body is apt to beget lassitude of mind. In 
short, were I to say that these Chapters have been as often 
thrown aside and resumed again as they contain paragraphs, 
the statement would probably not exceed the truth. But the 
erratic life of an itinerant student of science is attended with 
yet greater disadvantages. It entails an absence from all 
libraries, more especially scientific ones, and the number of 
works of reference admissible into his pm^va supellex must ever 
be few indeed. With these hindrances, can the writer venture 
to hope that what has thus been so disjointed and unconnected 
to him, will not seem equally so to his readers ? Yet if his 
descriptions, written, as it were, face to face with Nature, 
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are t'ouiid to liavo taught some tinge of Nature's freshness, and 
l)lca8e the reader well enough to set him in the way of be- 
(toming a geologist^ he shall have accomplished all his design. 

It cannot be too widely kno\^Ti, or too often pressed on the 
attention, eHi)ecially of the young, that a true acquaintance 
witli H(aence, so delightful to its possessors, is not to be ac- 
quirod at second-hand. Text-books and manuals are valuable 
only so far as they supplement and direct our own observa- 
tions. A man wliose knowledge of Nature is derived solely 
from these sources, differs about as much from one who be- 
tak(?H himself to Nature herself, as a dusty, desiccated mummy. 
do(!8 from a living man. You have the same bones and sinews 
in both ; but in the one they are hard and dry, wholly incap- 
able of acti(m ; in the other they are instinct with freshness and 
life. He who would know what physical science really is, must 
go out into the fields and learn it for himself : and whatever 
branch he may choose, he will not be long in discovering that a 
forenoon intelligently spent there must be deemed of far more 
worth than days and weeks passed among books. He sees the 
objects of his study with his own eyes, and not through " the 
spectacles of books ;" facts come home to him with a vividness 
and reality they never can possess in the closet ; the free buoyant 
air brightens his spirits and invigorates his mind, and he returns 
again to his desk or his workshop with a store of new heaJth 
and pleasure and knowledge. Geology is peculiarly rich in 
these advantages, and lies in a manner open to aU. No matter 
what may be the season of the year, it offers always some ma- 
terial for observation. In the depth of winter we have the 
effects of ice and frost to fall back upon, though the country 
should lie buried in snow ; and then when the longer and 
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brighter days of spring and simimer come round, how easily 
may the hsmmer be buckled round the wmat, and the student 
emerge froiu the dust of t>mn into the joyous air of the country, 
for a few delightful hours among the rocks ; or when autiunn 
returns with its long anticipated holidays, and prepamtioiis are 
made for a ecnniper in some distant -locality, hammer and note- 
book will not ocenjiy much room in the portmanteau, and will 
certainly be found most entertaining company. The following 
pages — forming a digest of the Carboniferous rocks — may, per- 
haps, in some meaeure, guide the c-splorations of the observer, 
by indicating to him the scope of geological research, the prin- 
ciples on which the science rests, and the mode in which it is 
pursued. But I repeat, no book, no iecture-room, no raiiseimi, 
will make a geolc^st of him. He must away to the fields and 
study for himself, and the more he can learn there he will 
become the better geologist. 

He need not burden himself with accoutrements. A hammer, 
pretty stout in its dimensions, with a round bhint face and a. 
flat sharp tail ; a note-book and a good pocketleua, are all he- , 
needs to begin with. Having these, let him seek to learn the 
general characters of the more common rocks, aiding himself, 
where he can, by a comparison with the specimens of a museum, 
or, failing that, with the descriptions of a textbook. Let him 
then endeavour to become acquainted with some of the more 
characteristic fossils of the district in which he resides, so as to 
be able to recognise them wherever they occur. Private colleo- 
tiona and local museums are now becoming comparatively com- 
mon, and thesB, where accessible, will aid him vastly in his studies- 
Having at length mastered the more abundant rocks and 
gauic remains of his neighboiu'hood, let him try to trace ouC 
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the connexion of the different strata across the country, bo m 
to understand its structure. For this purpose it will be neces- 
sary to examine every ravine and natural exposure of the rocks, 
along with quarries, ditches, railway-cuttings, and, in short, the 
whole surface of the district A general notion of the geology 
of the place will not perhaps be of very difficult attainment ; 
and this done, the observer should attempt to put down the 
connexion of the rocks on paper, for till this is accomplished he 
will have at the best but an imperfect, and perhaps incorrect 
notion of the subject. The best map of the district should be 
obtained, also a clinometer, or instrument for ascertaining the 
angle at which rocks dip with the horizon, and a pocket-compass 
with which to mark the direction of the dip and strike of strata, 
that is, the autcropf or line which they form when they come to 
the surface. Thus armed, he may conunence a geological sur- 
vey of his neighbourhood. Wherever he sees a bed of rock 
exposed, it should be marked down on his map with an axrow 
pointing to the direction in which the stratum is dipping, the 
angle of dip, ascertained by the clinometer, being put alongside. 
The nature of the rock, whether sandstone, shale, limestone, or 
greenstone, must be set down at the same place, and, to save 
room, a system of marks for the different rocks may be con- 
veniently used. When a sufficient area of ground has been 
thus traversed, the student may find, say a row of arrows on 
his map all pointing due west, and indicating a set of quarries 
about a quarter of a mile distant from one another, the rock in 
each of them dipping to the west. If there b^ at the one end 
a limestone containing certain fossils, and at the other end a 
stratum exactly similar, containing the same fossils, while the 
quarries between display the same rock, he will infer, of course. 



that the whole is one luneatone, and will accordingly limw 
line from. the laet cpianj on the north to the last on the south, 
connectiiig them all together. If the bed dips steeply down, 
the line will he narrower, — if but slightly inclined, it will be 
broader ; the breadth of such a line {which may he colonred to 
taabe) always yarying with the thicknesB of the stratum and 
tlie angle which it makes with tbe horizon. In a (Uatrict 
where faults and curvatures along with trap-rocks abound, the 
mapping becomes more complex, but the principle remains the 
same — a curved stratum on the ground making a BimUarly 
curved band on tlie map, and a fault or dislocation of a set of 
beds producing, in the same way, a corresponding break in the 
lines traced. In short, a geological map should he as far Hb 
possible a transcript of the surface rocks of a country. The 
beginner should avoid, however, attempting too much ; it will 
be enough for him at first to have mastered the leading features 
of the geology of his district ; the details cannot he shown saTe 
oil a map of n large scale, and are better transferred to hie 
note-book. The use of such mapping is to enable us to gain a 
correct knowledge of the geological structure of a countij, and 
of the relation of rocks to each other as regards age, origin, &c 
Bacon tells us that "writing makes an exact man ;" we may 
say with equal truth that mapping makes an exact geologist. 
It is sometimes easy enough to obtain a notion of the general 
character of a district by taking a few rambles across it ; but 
we cau never know it thoroughly until we have mapped it. 
And' this is done not as mere dry routine, or by a series of hard 
■uninteresting rules. In reading off the geological structure 
t country, we ascertain its history during many thousand 
I long prior to that of niau. We become, as it were, 
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interpreters of hieroglyphics, and historians of long-perished 
dynasties. 

Those who have had experience of field-geology, know how 
vain it is to attempt to compress into a page or two the results 
of years, and that a few vague general directions are about the 
utmost that can be attempted. The practice of the science 
cannot be taught in books, far less in prefaces, neither can it 
be learned from them. And so I once more repeat the advice : 
Gret away to the fields. Seek to decipher the geological records 
for yourself, and look with your own eyes into the long series of 
ages whose annals lie inscribed among the rocks. If you can 
secure the co-operation of a few companions, so much the better. 
Half-a-dozen hammers zealously at work in a richly fossiliferous 
stratum will soon pile up a tolerable collection of its treasures. 
But whether singly or in company, use your eyes and your 
hammer, and even though in the end you should never become 
a geologist, you will in the meantime gain health and vigour, 
and a clearness of observation, that will stand you in good 
stead through life. 
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CHAPTEE I. 



Three miles tu the soiitii-weat of Ediuburgli, and not 
many hundred yards from the sequesterod village of Colint«n, 
there ie a ravine, overehaded hy a thick growth of beech 
and elm, and traversed beneath by a stream, which, rising 
far away among the southern hill a, winds through the rich 
champaign country of Mid-Lothian. It is, at all Beasons of 
the yenr, cine of the most piutureeque nooks in the county. 
I have seen it in the depth of winter— the leafless bmigha 
doddered and dripping, the rocka dank and hare save where 
halt-hidden by the rotting herbage, and the stream, red and 
swollen, roaring angrily down the glen, while the families, 
located along its banks, fleemg ia terror to the higher grounde, 
had left their cottages to the mercy of the torrent. The last 
time I visited the place was in the heart of June, and surely never 
did woodland scene appear more exquisitely beautiful The 
beech trees were in full leaf, and shot then* silvery boughs in 
slender arches athwart the dell, intertwining with the bToa<ler 
foliage and deeper green of the ehn, and the still darker spray 
^.tlie stately fir. The rocks on either side w-ere tapeatried with . 
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verdure ; festoous of ivy, with here and there a thread of honey- 
Buckle interwoven, hung gracefully from the clijffs overhead ; 
each projecting ledge had its tuft of harebells, or speedwell, or 
dog-violets, with their blue flowers peeping out of the moss and 
lichens ; the herb-robert trailed its red blossoms over crag and 
stone ; the wood-sorrel nestled its bright leaves and pale 
flowerets among the gnarled roots of beech and elm ; while 
high over all, alike on the rocks above and among the ferns 
below, towered the gently drooping stalks of the fox-glove. 
The stream, almost gone, scarcely broke the stillness with a low 
drowsy murmur, as it sauntered on among the lapides adesas of 
its pebbly channel. Horace's beautiful lines found again their 
realization : — 

" Qua pinu8 iugens. albuque populus 
Umbram hoHpitalem consociare aniant 
Ramis. et obliquo laborat 

Lympha fugax trepidare rivo." ^ 

It was noon, and the sim shone more brightly and with 
greater heat than had been felt for years. The air, heavy and 
warm, induced a feeling of listlessuess and languor, and the day 
seemed one for which the only appropriate employment would 
Jiave been to read once again the " Castle of Indolence." But 
failing that, I found it pleasant to watch the flickering light 
shot in fitful gleams through the thick canopy of leaves, and 
thus, in the coolness of the shade, to mark these rays — sole 
messengers from the sweltering world around — as they danced 
from rock to stream, now lighting up the ripples that curled 
dreamily on, now chequering some huge boulder that Iscy smooth 
and polished in mid-channel, anon glancing playfully among 

1 Where the tall pine and poplar pale 
Delight 10 cast athwart the vale 

A pleasing ahade, 
While the clear stream low murmuring bolts. 
And o'er its winding channel toils 

Ado,wn the glade. — A. G. 
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tlie thickotA nf briar or honeysuckle aud vunialiiug iu the abiide. 
SometimeB a wagtail would alight at hand, or a bee drone 
l&aly past, while ev«n an occaaional butterfly would venture 
down into thia shady covert. But, with these exceptions, the 
tmimal creation seemed to have gone to sleep, an example which 
it wafl somewhat difficult to avoid following. While thus iiily 
enfpiged, my eye rested on a large buiilder on the opposite side. 
It lay partly imbediled in a, stiff ciay, and partly protruding 
from the surface of the bank some way above the stream. 
thick arbour of leafage overhung it, through which not even 
the fiiintest ray of sunshine coidd force its way. The spot 
seemed cooler and more picturesque than that which I occupied, 
and so, crossmg the well-nigh empty channel, I climbed the 
bank and was soon seated on the boulder. A stout hammer is 
a constant companion in my rambles, and was soon employed 
oa this occasion in chipping almost unconsciously the newly- 
acquired seat. The action was, perhaps, deserving of the satire 
of Wordsworth's Solitary ;— 






There was nothing in the distant uapect of the boulder to at- 
tract attention. It was just such a mass as dozens of others 
all round. Nor, on closer inspection, might anything peculiar 
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have Uh>ii oluMTvnl. It hnci an irregularly oblong fornix abont 
two (If thrtr ff«*t Km;:, and half aa high. Ferns and herbage 
vivrv f;r«)UiH'(l anmnil it, X\w wiKxl-aurrel cloatered up its adn, 
and littlo ])at<*li(>rt <if mnnA and lichen nestled in its cre?ioe& 
And yt*t, witiial, thfn* wa8 isoniething about it that^ ere kng^ 
rivctiHl my at tent it m. I i^xainined it minutely from one end to 
thv. othtT, and fnun top to liuttum. The more I looked the 
niorr did I Mr to intcn*8t nie ; and when, after a little labour, 
Koine )MirtioiiH of lU up^icr Hiirface were detached, my cnrionty 
wan abundantly ^ititie<l. Tiiat j^rey lichened stone, half hid 
anions foIia^S and unlnHMUnl liy any human being, afforded me 
uiatiTial lor a ploiiMiut forcnumfs thought Will my reader 
ai'copt an cxiKiudnl narrativo of my reverie ? 

I can almost anticipate a Hmile. " What can there be re^ 
markable in Huch a ^cy sttme, hidden in a wood, and of which 
nobody knows anything ? It never formed part of any ancient 
building ; it markts the siti^ of no event in the olden time ; it is 
linked with nothing in the history of our country. What of 
interest, then, e^n it have for us ?" Nay, I reply, you are 
therein mistaken. It is, jissuredly, linked with the history of 
our (jountry — it does mark the passing of many a historical 
event long ere human history Ix^gan ; and, though no tool ever 
eame upon it, it did once form jiart of a building that rose 
under the finger of the Almighty during the long ages of a 
bygone eternity. To cliange tlie figure, this boulder seemed 
like a curious volume, regularly paged, with a few extracts from 
older works. Bacon tells us that "some books are to be 
tasted, others to be swallowed, and some few to be chewed 
and digested" Of the last honour I think the boulder fully 
worthy, and if the reader will accompany me, I shall endeavour 
to show him how the process was attempted by me. 

The rock consisted of a hard grey sandstone finely laminated 
above, and getting pebbly and conglomeritic below. The 
included pebbles were well worn, and belonged to various 



kiuds of rock. The ujiper part of tlie blut-k was all roundeil, 
muootbed, and deeply grooved, aud, when split open, displayerl 
iitunerouB etema and leaflets of plants converted iuto a black 
coiily Bubstance. These plants were easily recognisahle as well- 
known organisms of the cflrlwuifeToiis strata, and it became ac- 
<!Ordingly evident that the boulder was a block of carboniferous 
sandstone. < The pebbles below, however, must have been de- 
rived ftom more ancient rocks, and they were thus seen to 
represent some older geological formatiiin. In this grey rock, 
therefore, there could at once be detected well-marked traces of 
at least two widely-separated ages. The evidence for each was 
indubitable, and the chrojiology of the whole maas eould not be 
iDtatakeu, Tlie surface striatioii bore undoubted evidence of 
the glacial period, the embedded plants as plainly indicated the 
far more aiident era of the coal-meaaures, while the pebbles of 
the base pointed, though dimly, to some still more primeval age. 
I had here, as it were, a quaint, olil, black-letter volume of the 
itdddle ages, giving an account of eventK that were taking place 
at the time it was written, and containing on its earlier pages 
immerouB quotations from authors of antiquity. The scratched 
Bur&ce, to complete the simile, nay be compared to this old 
work done up iii a modem binding. Let us, then, first of all, 
look for a little at the exterior of the volume, and inquire into 
the ori^ of that strangely-striated surface, and of the clay in 
vhioh the boulder rested. 
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have I icon filMen'cd. It hnd an iiT^:u]arly oblong form, about 
two or tlint' feet lun^, and half as high. Ferns and heringe 
were (i^)uped around it, tlie winxl-florrel dnatered up its side% 
luid little }Mitelu»H of ino88 and lichen nestled in its crerieea 
Ami yet, withnl, tliere was something about it that^ ere Vm^ 
rivettHl my attention. I examined it minutely from one end to \ 
the other, and fntni top to bottouL The more I looked tk 
more did I Be<' to interest me : and when, after a little Isbooi^ 
some jMtrtions of its ui)])er surface were detached, mj coiionty 
was abundantly ^rnitiiie<l. That grey lichened stone^ half hid 
among foliage, and unlicediHi by any human being, afforded me 
material for a pleasant forenoon's thought Will mj reader 
accept an exi)auded naiTativc of my reverie f 

I can almost anticipate a smile. " What can there be re- 
markable in such a grey stone, liidden in a wood, and of which 
nobmly knows anything ? It never formed part of any andeiit 
building ; it nnirks the site of no event in the olden time ; it is 
linked with nothing in the history of our country. What of 
interest, then, can it have for us?" Nay, I reply, you are 
therein mistakcm. It is, assuredly, linked with the bistoiy of 
our country — it does murk the passing of many a historical 
event long ere human history began ; and, though no tool ever 
(!ame upon it, it did once fonn part of a building that rose 
\mder the finger of the Almighty during the long ages of a 
bygone eternity. To change the figure, this boulder seemed 
like a curious volume, regularly paged, with a few extracts from 
older works. Bacon tells us that "some books are to be 
tasted, others to be swallowed, and some few to be chewed 
and digested." Of the last honour I think the boulder fully 
worthy, and if the reader will accompany me, I shall endeavour 
to show him how the process was attempted by me. 

The rock consisted of a hard grey sandstone finely laminated 
above, and getting pebbly and conglomeritic below. The 
included pebbles were well worn, and belonged to variouB 
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kiuds of rock. The upper part of tlie block waa all rounded, 
smoothed, and deeply grooved, and, when split open, displayed 
numeroua sterna and leaflets of plants converted into a black 
coaly substance. These plants were easily recognisable as weil- 
known organisuiB of tbe carboniferous strata, and it became ac- 
cordingly evident that the boulder tras a block of carboniferous 
Bandstone. • The pebblea below, however, must have been de- 
rived from more ancient rocks, and they were thus seen to 
refiresent some older geological formation. In this grey rock, 
therelbre, there could at once be detected well-markeii traces of 
at least two widely-separated ages. The evidence for each wns 
indubitable, anil the chronology of the whole mass could not be 
mistaken. Tlie surface striation bore undoubted evidence of 
the glaeial period, the embedded plants as plainly indicated the 
far more ancient era of the coal-measures, while the jwbhlea of 
the base pointed, though dindy, to some still more primeval age. 
I had here, as it were, a quaint, old, black-letter volume of the 
middle ages, giving an account of events that were taking piaco 
at the time it waa written, and containing on its earlier pages 
numerous quotations irom authors of antiquity. The scratched 
surface, to complete the simile, may be compared to this old 
work done up in a modem binding. Let us, then, first of all, 
look for a little at the exterior of the volnrae, and inquire into 
the origin of that straiigelj-striated surface, and of the clay iii 
iflh the boulder rested. 
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have )«en iilitwn'ctl. It hnd an irregularly oblong ftirm, ab 
two (»r thnt* fH*t lun^* and half as high. Ferns and berk 
were (i^uiikmI around it, tlie wiKxI-florrel dnstered up its sidt 
and little }Miti*h<*H of mows and lichen nestled in its crenee 
And yet, withal, there waH something about it that^ ere kni 
rivetiHl my attention. I examined it minutely from one end ti 
the other, and fnim top to iKittom. The more I looked tbe 
more did I Bee; to interest me ; an<l when, alter a little labonr, 
Home )x>rtionH of itH iipiwr mirfaoe were detached, my curion^ 
was abundantly gratifttMl. That gray lichened stone^ half hid 
among foliage, and unhceth^l by any human being, afforded ma 
material for a j»leasant fon>noon*s thought Will my reader 
ac(H!pt an oximiuUhI namitive of my reverie f 

I can almorit antiiriiNito a muilc. " What can there be re- 
markable in such a gn'y stcme^ hidden in a wood, and of which 
nobcMly knows anything ? It never formed part of any aadent 
building ; it marks the site of no event in the olden time ; it ii 
linked with nothing in the history of our country. What of 
inten'st, tht^ii, can it hava for us ?'* Nay, I reply, you are 
therein iniHtak(>n. It in, nssurc^lly, linkt^l with the histoiy of 
our country — it <1(mm iimrk the passing of many a historical 
event long ere human liitftory Ix^gan ; and, though no tool ever 
(;amc \i\nm it, it did once fonn jMirt of a building that rose 
under tlie fin^f'-r of the Almighty <luring the long ages of a 
bygone (Eternity. To change the figure, this l)ouldor seemed 
like a curious volunui, n'gularly pagcnl, with a few extracts fh>m 
older works. hvu'Am tells us that ^'somo books are to be 
tasted, otli(;rs to be swallow(;(l, and some few to be chewed 
and digeaUtd." Of the last honour I think the l)ouIder fully 
worthy, and if the n^wler will a(?conipany nu!, I shall endeavour 
to show him how the prowls was attempted by me. 

The n)ck consiHted of a hard grey sandstone finely laminate<l 

aliove, and getting ))e1)bly and <K)nglonieritic below. The 

-^ed pebbles were well worn, and belonged to various 
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kiuds of rock. The upper part of tiic Llofk was all rounded, 
sutDotLed, and deeply grooyed, and, when split open, displayed 
mimeroua Btems and leaflets of plants winverted into a hlack 
<?(ialy Bubatauce. These plant-s were easily recognisable as well- 
tnown organismB of the carlionifermia strata, and it became ac- 
(tordingly erident that the boulder was a hlock of carboniferouB 
sandstone. , The pebbles below, however, must have been de- 
rived from more ancient rocks, and they were thus seei 
represent some older geological formation. In this grey rock, 
therefore, there could at once be detected well-marked tr&txa of 
at least two widely-separated ages. The eyidenee for each wj 
indubitable, and the chronology of the whole mass could not I 
mistaken. Tlie surface striation bore undoubted evidence of 
the glacial period, the embedded plants as plainly indiiated the 
far more ancient era of the coal-measures, while the pebbles of 
the base pointed, though dimly, to some still more primeval age. 
I had here, ai it were, a quaint, old, black-letter volume of the 
uiiddle ages, giving an account of events that were taking plaou 
at the time it was written, and containing on its earlier pages 
nnmerouB quotations from authors of antiquity. The scratched 
surface, to complete the simile, may be compared to this old 
work done up in a modem binding. Let us, then, first of all, 
look for a little at the exterior of the volume, and inquire into 
the origin of that strangely-striated surface, and of the clay in 
■irideh the boulder rested. 
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have been observed. It had an irregularly oblong form, about 
two ox three feet long, and half as high. Ferns and herbage 
were grouped around it, the woodnsorrel clustered up its sides, 
and little patches of moss and lichen nestled in its crevices. 
And yet, withal, there was something about it that, ere long, 
riveted my attention. I examined it minutely from one end to 
the other, and from top to bottom. The more I looked the 
more did I see to interest me ; and when, after a little labour, 
some portions of its upper surface were detached, my curiosity 
was abundantly gratified. That grey lichened stone, half hid 
among foliage, and unheeded by any human being, afforded me 
material for a pleasant forenoon's thought. Will my reader 
accept an expanded narrative of my reverie ? 

I can almost anticipate a smila " What can there be re- 
markable in such a grey stone, hidden in a wood, and of which 
nobody knows anything ? It never formed part of any ancient 
building ; it marks the site of no event in the olden time ; it is 
linked with nothing in the history of our coimtry. What of 
interest, then, can it have for us?" Nay, I reply, you are 
therein mistaken. It is, assuredly, linked with the history of 
our coimtry — it does mark the passing of many a historical 
event long ere human history began; and, though no tool ever 
came upon it, it did once form part of a building that rose 
under the finger of the Almighty during the long ages of a 
bygone eternity. To change the figure, this boulder seemed 
like a curious volume, regularly paged, with a few extracts from 
older works. Bacon tells us that "some books are to be 
tasted, others to be swallowed, and some few to be chewed 
and digested." Of the last honour I think the boulder fully 
worthy, and if the reader will accompany me, I shall endeavour 
to show him how the process was attempted by me. 

The rock consisted of a hard grey sandstone finely laminated 
above, and getting pebbly and conglomeritic below. The 
included pebbles were well worn, and belonged to various 



THE STOBT OF A BOXTrJJSR. 



kinda of rock. The upper pnrt of the lilock was all roundeii; 
smootlied, and deeply grooved, and, when split open, displayeil 
niunerouB steins and leaflets of plants (^inverted into a bltu'k 
coaly substance. These plants were easily recognisahle aa well- 
known orgauiams of the carljoniferons strata, and it became ae- 
cordingfy evident that the boulder was a block of carboniferous 
sandstone. . The pebbles below, however, must have been de- 
rived from more ancient rocks, and they were thus seen to 
repreoent some older geological fonnation. In this grey rock, 
therefore, there could at once be detected well-marked traees of 
at least two widely-scpanit»d ages. The evidence for each was 
indubitable, and the chronology of the whole mass could not be 
ntiataken. The surface strintioti bore luidoubtcd evidence of 
the glacial period, the embedded plants as plainly indicated the 
fer more ancient era of the coal-measures, while the pebbles of 
the base pointed, though dimly, to some still more primeval age. 
I had here, as it were, a quaint, old, black-letter volume of the 
middle ages, giving aai account of events that were taking place 
at tlie time it was writteu, and containing on its earlier pages 
munerouB quotations from authors of antiquity. The scratched 
surface, to complete the simile, may Ite compared to this old 
work done up in a modem binding. Let us, then, first of all, 
look for a little at the exterior of the volume, and inquire into 
the origin of that stningely-striated suriace, and of the clay in 
which the boulder rested. 
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CHAPTER 11. 

Kzterior of the boulder — Trayelled stones a difficult problem — Once referred to the 
Deluge — Other theories — Noyelty of the true solution — Icebergs formed in three 
ways — Progress and scenery of an iceberg — Its effects— Size of icebergs — Boa]da^ 
clay had a glacial origin — This explanation confirmed by fossil shells — ^Laws of the 
distribution of life — Deductions. 

Has the reader, when wandering up the course of a stream, 
rod in hand perhaps, ever paused at some huge rounded blo(^ of 
gneiss or granite damming up the channel, and puzzled himself 
for a moment to coiyecture how it could get there 1 Or when 
rolling along in a railway carriage, through some deep cutting of 
sand, clay, and gravel, did the question ever obtrude itself how 
such masses of water-worn material came into existence ? Did 
he ever wonder at the odd position of some huge grey boulder, 
far away among the hills, arrested as it were on the steep slope 
of a deep glen, or perched on the edge of a precipitous cliff, as 
though a push with the hand would hurl it down into the 
ravine below? Or did he ever watch the operations of the 
quarryman, and mark, as each spadeful of soil was removed, 
how the surface of the rock below was all smoothed, and 
Btriated, and grooved ? 

These questions, seemingly simple enough, involve what was 
wont to be one of the greatest problems of geology, and not 
many years have elapsed since it was solved. The whole sur- 
face of the country was observed to be thickly covered with a 
series of clays, gravels, and sands, often abounding in rounded 
masses of rock of all sizes up to several yards in diameter. 
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Tlieae deposits were seen to cover all the harder I'ocks, and ta 
<i(!cur is & very uregalar manner, Bometimes heaped up into 
great mounils, and Bometimea entirely wanting. They were 
evidently the resiUta of no ^en:;y viaihle now, either on the 
land or eiroiuid our coasts. They had an appearance rather of 
tumultuous and violent action, and so it was wisely concluded 
that they must be traces of tlie great dehige. The decision had 
at least this much in its favour, it was thoroughly orthodox, 
and accordingly received marked approbation, more eepecially 
from those who wished well to the young science of geology, 
but were not altogether sure of its tendencies. But, alas ! this 
promising symptom very soon vanished. As observers multi- 
ped, and investigations were carried on in different countries, 
the truth came out that these clays and graveb were pectiliarly 
a northern formation ; that they did not appear t« exist in the 
south of Fraace, Italy, Asia Minor, Syria, and the contiguous 
countries. If, then, they originatLMl from the rushing of the 
diluviau waters, these southern lands must have escaped the 
catastrophe, and the site of the plains of Edeu would have to 
be sought somewhere between the Alps and the North Pole. 
Thia, of coiuse, shocked ah previous ideas of topography ; it 
was accordingly agreed, at least among more thoughtful men^ 
that with these clays and sands the deluge could have had 
nothing to do. 

Other theories speedily sprang up, endeavouring to accouut 
for the phenomena by supposing great bodies of water rushing 
with terrific force across whole continenta, sweeping away the 
tops of hills, tearing up and dispersing entire geological forma- 
tions, and strewing the ocean-bottom with scattered debrisw 
But this espknatiou had the disadvantage of being wofully 
nnphilosophical and not very clearly orthodox. Such debacles 
did not appear to have ever taken place in any previous geologic 
era, and experience was ag^nst them. Besides, they did not 
account for some of the most evident characteristics of the pheno- 
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mcua, 8uch as the northern character of the formation, the long 
t>arallel striations of the rock surfaces, and the perching of huge 
boulders on lofty hills, often hundreds of miles distant from 
the parent rock. Geologists were completely at fault, and the 
boulder-clay remained a mystery for years. 

When we consider the physical aspects of the countries 
where the question was studied, we cannot much wonder that 
the truth was so hard to find. In the midst of corn-fields and 
meadows, one cannot readily realize the fact that the spot where 
they stand has been the site of a wide-spread sea ; and that where 
now villages and green lanes meet the eye, there once swam the 
porpoise and the whale, or monsters of a still earlier creation, 
unwieldy in bulk and uncouth in form. Such changes, how- 
ever, must have been, for their traces meet us on every hand. 
We have the sea dashing against our shores, and there seems 
nothing at all improbable in the assertion that once it dashed 
against our hill-tops. No one, therefore, has any difficulty in 
giving such statements his implicit belief. But who could have 
dreamed that these fields, so warm and simny, were once sealed 
in ice, and sunk beneath a sea that was cumbered with many a 
wandering iceberg? Who could have imagined, that down 
these glens, now carpeted with heath and harebell, the glacier 
worked its slow way amid the stillness of perpetual snow? 
And yet strange as it may seem, such is the true solution of 
the problem. The boulder-clay was formed during the slow 
submergence of our country beneath an icy sea, and the rock- 
surfaces owe their polished and striated appearance to the 
grating across them of sand and stones frozen into theJ)Qttom 
of vast icebergs, that drifted drearily from the north, ff T^at we 
may the better see how these results have been effected, leriis 
glance for a little at the phenomena observable in northern 
latitudes at the present day. 

Icebergs are formed in three principal ways : — 1st, By gla- 
ciers descending to the shore, and being borne seawards by luid- 
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winda ; 2d, By river-ice packed during spring, when the upjwr 
leacheB of the rivers begin to thaw ; 3d, By coast-ice. 

L There is an upper stratum of the atmosphere characterised 
by intense eold, and called the region of perpetual snow. It 
rovers the earth like a great arch, the two ends resting, one on 
the arctic, the other on the antarctic zone, while the centre,' 
being about 16,000 feet above the sea,' rises directly over the 
tropica. Wherever a mountain is auflicieiitly lofty to pierce 
this npper stratum, its summit is covered with snow, and, aa 
the snow never melte, it is plain that, from the accumulations' 
of ireab snow-drifts, the mountain-tops, by gradually increasing 
iJiei^t and width, would became the supporting columns of 
■ hills of ice, whicli, breakiug up at last fi-om their weight 
liridth, would roll down the mountain -sides and uover vast 
stiy with a nun and desolation more terrible than 
f of any avalanche. Olympus would really be superposed 
I Oesa. By a beautiful arrangement this undue growth ia 
nted, 80 that the hill-tope never vary much in height 
the sea. The cone of ice and snow which covers the 
part of the mountain, sends down into each of the 
ging valleys a long sluggisli stream of ice, with a motion 
aa to be almost imperceptible. These Btreams are 
. glaciers. As they creep down the ravines and gorges, 
I of lock dotohed by the frosts from the clill'a above, iall 
i surface of the ice, and are slowly carried along with it. 
I'bottom also of the glaciers is charged with sand, gmvel, 
and mud, produced by the slow-crushing movement ; large rocky 
mBBsea become eventually worn flown iiit« IVagraents, and the 
whole surface of the hard rock below is traversed by long 

■ Tba ftveng* height of the 
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parallel grooves and striae in the direction of the glacier's course. 
Among the Alps, the lowest point to which the glacier descends 
is about 8500 feet. There the temperature gets too high to 
allow of its further progress, and so it slowly melts away, 
choking up the valleys with piles of rocky fragments called 
moraines, and giving rise to numerous muddy streams that 
traverse the valleys, uniting at length into great rivers such as 
the Rhone, which enters the Lake of Geneva turbid and dis- 
coloured with glacial mud. 

In higher latitudes, where the lower limit of the snow-liiie 
descends to the level of the sea, the glaciers are often seen 
protruding from the shore, still laden with blocks that have 
been carried down from valleys far in the interior. The action 
of storms and tides is sufficient to detach large masses of the 
ice, which then floats off, and is often wafted for hundreds of 
miles into temperate regions, where it gradually melts away. 
Such floating islands are known as icebergs. 

II. In climates such as that of Canada, where the winters 
are very severe, the rivers become solidly frozen over, and, if 
the frost be intense enough, a cake of ice forms at the bottom. 
In this way sand, mud, and rocky fragments strewing the 
banks or the channel of the stream, are firmly enclosed. When 
spring sets in, and the upper parts of the rivers begin to thaw, 
the swollen waters burst their wintry integuments, and the ice 
is then said to pack. Layer is pushed over layer, and mass 
heaped upon mass, until great floes are formed. These have 
often the most fantastic shapes, and are borne down by the 
current, dropping, as they go, the mud and boulders, with 
which they are charged, imtil they are stranded along some 
coast line, or melt away in mid-ocean. 

III. But icebergs are also produced by the freezing of the 
water of the ocean. In high latitudes, this takes place when 
the temperature falls to 28*5° of Fahrenheit. The surface of 
the sea then parts with its saline ingredients, and takes the 
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t'oTiu of a sheet of ice, whicli, by the addition of successive I 
layers, augmented sometimes by Bnow-drifta, often reathe 
height of from tliirty to forty feet. Ou the approncli of s 
mer these ice-fields break up, crashing into fragments with a 
noise like the thundering of cannon. The disparted portiona 
iire then carried towards the equator by e\irrente, and may be 
eucountered by hundreds floating in open sea. Their first form 
is flat, but, as they travel on, they assume every variety of 
shape and size. 

On the shores of brackish seas, such as the Baltic, or along 
a coast where the salt water is freshened by streams or 
lirifts from the land, sheets of ice also frequently form during 
severe fruste. Sand and boidders are thus frozen in, especially 
where a layer of iee has formed upon the sea-bottom.' The i 
action of gales or of tides is suflicient to break up these masses, 
which are then either driven ashore and frozen in a fresh cake 
of ice, or blown away to sea. The bergs formed in this way 
hove originally a low flat outline, and many extend as ice-fields 
over an area of many miles, while, at a later time, they may be 
seen towering precipitously as great hills, some 200 or 300' 
tbet high. 

Few sights in nature are more imposing than that of the 
huge, solitary iceberg, as, regardless alike of wind and tide, it 
steers its course across the face of the deep far away from Itmd. 
like one of the " Hrim-thursar," or Frostgiants of Scandina- 
vian mythology,^ it issues from the portals of the north armett 
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with great blocks of stone. Proudly it sails on. The waves 
that dash in foam against its sides shake not the strength of its 
crystal walls, nor tarnish the sheen of its emerald caves. Sleet 
and snow, storm and tempest, are its congenial elements. Night 
falls around, and the stars are reflected tremulously from a 
thousand peaks, and from the green depths of << caverns measure- 
less to man." Dawn again arises, and the slant rays of the 
rising sun gleam brightly on every projecting crag and pinnacle, 
as the berg still floats steadily on ; yet, as it gains more southern 
latitudes, what could not he accomplished by the united fury of 
the waves, is slowly effected by the mildness of the climate. 
The floating island becomes gradually shrouded in mist and 
spume, streamlets everywhere trickle down its sides, and great 
crags evet and anon fall with a sullen plunge into the deep. 
The mass becoming top-heavy, reels over, exposing to light 
rocky fragments still firmly imbedded. These, as the ice around 
them gives way, are dropped one by one into the ocean, until 
at last the iceberg itself melts away, the mists are dispelled, 
and sunshine once more rests upon the dimpled face of the 
deep.^ If, however, before this final dissipation, the wandering 
island should be stranded on some coast, desolation and gloom 
are spread over the country for leagues. The sun is obscured, 

flowed no longer, and the ice stood still, the vapour arising from the venom gathered 
over it and froze te rime ; and in this manner were formed in Ginnungagap many layers 
of congealed vapour, piled one over the other." — *' That pnrt of Ginnungagap," added 
Jaitahar, " that lies towards the north, was thus filled with heavy masses of gelid vapour 
and ice, whilst everywhere within were whirlwinds and fleeting mists. But the southern 
part of Ginnungagap was lighted hy the sparks and flakes that flew into it firora MuspeU- 
heim. . . . When the heated blast met the gelid vapour, it melted into drops, and, 
by the might of him who sent the heat, these drops quickened into life, and took a 
human semblance. The bdng thus formed was named Ymir, from whom descend the 
race of the Frost-giants (Hrim-thursar), as it is said in the Voluspft. ' From Vidolph 
came all witches ; from Vilmeith all wizards ; from Svarth9fdi all poison-seekers; and 
all giants from Ymir.'" — See Mallet's Northern AtUiquitiet, edit Bohn, p. 408. 

1 That beautiful expression of JBschylus occurs to me, so impossible adequately to 
clothe in English : iarripidyuov yeXaa/JM KVfiarwv. Who that has spent a ealm 
summer day upon the sea, has not realized its force and delicate, beauty ? 
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tinil the air chilled ; the traps will not ripen ; and, to avoid 
the horrors of famine, the inhabitants are fain to seek some 
more genial locahty until the ice shail have melted away ; and 
montha may elapse before they can retnru again to their 
vJllogeB. 

The icL'berg melts away, but not without leaving well-marked 
traces of its existence. If it diiwppear in mid-ocean, the mini 
and bouldei'B, with which it was charged, are scattered athwart 
the Bea-hottoni. Blocks of stone may thus be carried acrosB 
profound abysses, and deposited hundreds of miles from the 
parent hill ; and it ^huuld be noticed, that this is the only 
way, so far as we know, in which such a thing could be effected. 
Great currents could sweep masses of n>ck down into deep gidfs, 
but could not sweep them up again, far leas repeat this procesa 
for hundreds of miles. Such blocks could only be transported 
by being lifted up at the one place and set down at the other ; 
and the only agent we know of, capable of carrying such a 
freight, is the iceberg. In this way, the bed of the sea in 
northern lutitudea must be covered with a thick stratum of 
mud and sand, plentifully interspersed with Iwuldera of all 
sizea, Bn<l its valleys must gradually be filled up as year by 
year the deposit goes on. 

But this is not all. The vieible portion of an iceberg is 
01^ about one-ninth part of the real bulk of the whole mass, 
■0 that if one be seen 100 feet high, its lowest peak may 
pwhapa be away down 800 feet below the waves. Now it is 
eaoy to see that such a moving island will often grate acro«a 
the snmmit and along the sides of sub-marine hiDs ; and when 
the lower part of the berg is roughened over with earth and 
itones, the surfaoe of the rock over which it passes will be 
lorn up and dispersed, or smoothed and striated, while the 
.Jumlders imbedded in the ice will be striated in turn, 

ue icebergs have been seen rising 300 feet over the 
juid these, if their submarine portions sank to the maxi- 
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mum depth, must have reached the enormous total height of 
2700 feet — that is, rather higher than the Cheviot Hills.1 By 
such a mass, any rock or mountain-top existing 2400 feet 
below the surface of the ocean would be polished and grooved, 
and succeeding bergs depositing mud and boulders upon it, this 




f 16. 1. — Iceberg grating along the sea-bottom and depositing mud and boulders. 

smoothed surface might be covered up and suffer no change 
until the ocean-bed should be slowly upheaved to the light of 
day. In this way, submarine rock surfaces at all depths, from 
the coast line down to 2000 or 3000 feet, may be scratched 
and polished, and eventually entombed in mud. 

And such has been the origin of the deep clay, which, with 
its included and accompanying boulders, covers so large a part 
of our country. When this arctic condition of things began, the 
land must have been slowly sinking beneath the sea ; and so, 
as years rolled past, higher and yet higher zones of land were 
brought down to the sea-level, where floating ice, coming from 
the north-west, stranded upon the rocks, and scored them all 

^ In the American Journal of Science for 1843, p. 155, mention is made of an iceberg 
aground on the Great Bank of Newfoundland. The average depth of the water was 
about 500 feet, and the yisible portion of the berg from 50 to 70 feet high, so that its 
total height must have been little short of 600 feet, of which only a tenth part remained 
above water. 
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over as it grated alung. This periud of aubmorgtute may hare 
conttnned until evcu the highest peak uf the Grampians dis- 
appeared, and, after suffering from the grinding action of ice- 
freighted rocks, eventually lay buried in mud far down beneath 
a wide expanse of aea, over which there voyaged whole argosies 
of berga. When the process of elevation began, the action of 
waves and currents would tend greatly to modify the surface of 
the glacial deposit of mud and boulders, as the ocean-bed slowly 
rose to the level of the coast line. In some places the muddy 
envelope was removed, and the subjacent rock laid bare, all 
polished and grooved. In other localities, currents brought in 
a continual supply of sand, or washed off the boulder mud and 
sand, imd then re-deposited them in irregular beds ; hence 
resulted those local deposits of stratified sand and gravel so 
frequently to be seen resting over the boulder clay. At length, 
by degrees, the land emerged from the sea, yet glaciere still 
capped its bilk mid choked its valleys ; but eventually a warmer 
and more genial climate arose, plants and animals, such aa those 
mt present amongst us, and some, such aa the wolf, no longer 
eoctant, were ere lung introduced ; aud eventually, as lord of 
^ whole, man took his place upon the scene.* 

It is pleaaant to mark, when once the tr ue sol ution of a 
ditBculty is obtamed, how all the discordant elements fall one 
by one into order, and bow every new fact elicited tends to 
eurroborate the conclusion. In some parts of the glacial beds, 
there occur regular deposits of shells which must have lived 
and died in the places where we find them. From ten to fifteen 
per cent, of them belong to ^ecies which are extinct, tliat is to 
say, have not been detected living in any sea. Some of them 
are still inhabitants of the waters aronnd our coasts, but the 
large majority occur in the northern seas. They are emphati- 
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cally northern shells, and get smaller in size and fewer in num- 
ber as they proceed southward, till they disappear altoge(lier. 
In like manner, the palm, on the other hand, is characteristi- 
cally a tropical plant It attains its fullest development in 
intertropical countries, getting stunted in its progress towards 
either pole, and ceasing to grow in the open air beyond the 
thirty-eighth parallel of latitude in the southern hemisphere, and 
the forty-fifth in the northern. So, too, the ivy, which in oar 
country hangs out its glossy festoons in every woodland, and 
around the crumbling walls of abbey, and castle, and tower, is 
nursed in the drawing-rooms of St Petersburg as a delicate and 
favourite exotic. In short, the laws which regulate the haMtat 
of a plant or an animal are about as constant as those which 
determine its form. There are, indeed, exceptions to both. We 
may sometimes find a stray vulture from the shores of the 
Mediterranean gorging itself on sheep or lambs among the wolds 
of England,^ just as we often see 

" A double cherry seeming parted. 
But yet an union in partition ; " 

or as we hear of a sheep with five legs, and a kid with two 
heads. But these exceptions, from their comparative rarity, 
only make the laws more evident. When, therefore, we find, 
in various parts of our country, beds of shells in such a state of 
preservation as to lead us to believe that the animals must 
have lived and died where their remains are now to be seen, 
we justly infer that the districts where they occur must at one 
period have been submerged. If the shells belong to fresh-water 
species, it is plain that they occur on the site of an old lake. 
If they are marine, we conclude that the localities where they 
are foimd — no matter how high above the sea — must formerly 
have stood greatly lower, so as to form the ocean bed. To pro- 
ceed one step further. If the shells are of a southern type, 

I Two of these birds (Neopron peenopterus) are stated to have been seen near KilTe, in 
Somersetshire, in October 1825. One was shot, the other escaped. 
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that ia, if they belong to epeciea' which are known to exist 
only in wainner seas than our own, we pronounce that at a 
former pericwl the latitudes of Great Britain must have enjoyed 
a more temperate and genial climate, so as to allow southern 
shells to have a wider range northwards. If, on the other 
hand, they are of aa arctic or horeal t3'pe, we in the same way 
infer that our latitudes were once marked by a severer tempe- 
rature than they now possess, so as to permit northern shells 
to range farther southwards. This reasoning is strictly correct, 
and the truth involved forms the basis of all inquiries into the 
fonner condition of the earth and its inhabitants. 

The evidence fiimished by the northern shells in the boulder- 
clay series is, accordingly, of the most unmistakable land. These 
nrganiEms tell us that at the time they lived our country lay 
sunk beneath a sea, such as that of Iceland and the North Cape, 
over which many an iceberg must have journeyed, and thus 
they corroborate our conclusions, derived independently from 
the deep clay and bouldei lieds and the striated rock-surfaces, 
aa to the glacial ori^ of the boulder-clay. 
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CHAPTER III. 

How the boulder came to be one—" Crag and tail " — Scenery of central Scotland : Edin- 
burgh—" Crag and tail " formerly associated in its origin with the bouldor-day— 
This explanation erroneous— Denudation an old process— Its results — Illiuferatioa 
from the Mid-Lothian coal-field— The three Ross-shire hills— The Hebrides relics of 
an ancient land— Scenery of the western coast — Bffscts of the breakers — Denudation 
of the Secondary strata of the Hebrides — Preservative influence of trap-rocks — ^LoM 
species of the Hebrides— Illustration — Origin of the general denudation of the 
' country — Illustrative action of streams — ^Denudation a very slow process — Many old 
land-surfaces may have been effkced — Varied aspect of the British Islands during a 
period of submergence— Illustration. 

The scratched and grooved surface of the boulder was pro- 
duced when it was fast frozen in some iceberg, and driven 
gratingly across some submarine summit, or stranded on some 
rocky coast-line. But, from its rounded form, the stone had 
evidently undergone a long process of wear and tear previous to 
its glacial journey. Probably it had hitherto lain along a surf- 
beaten beach, where in the course of ages it had gradually been 
worn into its present rounded shape. But how came it there ? 
It must originally have formed part of a flat sandstone bed, with 
many other beds piled above it. By what agency, then, was 
this great pile reduced to fragments 1 

The answer to these questions must be a somewhat length- . 
ened one, for the subject relates not to a few beds of rock 
hastily broken up and dispersed, but to the physical changes of 
an entire country, carried on during a vast succession of geolo- 
gical periods. 

A phenomenon, kno^Ti familiarly as " crag and tail," has 
long been connected in its origin with the drift or boulder beds. 
Has my reader ever travelled through central Scotland ? K so, 
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lie must often have noticed the abrupt isolated furm uf manj of 
the hills, presenting a mural front to the west, aud a long sloping 
declivity t^ the eaat From the great number of isolated liard 
trap-rocks in this region, the phenomenon is mueh better seen 
than in most other parts of the kingdom. There is, for instance, 
the castle lock of Stirling, with its beetling crag and castcllatetl 
summit, which present so imposing a front to the west. Many 
other examples are seen along the line of the Edinburgh and 
Glaagow Railway. The range of hills south of Linlithgow, the 
angularly abrupt basalt of Bmny Craig, the lotig rounded ridge 
of Batho, the douhle-peaked crag of Dalmahoy, the hroad utidu- 
hition of woody Corstorpliine, are all examples more or less 
marked. Edinburgh itself is an excellent iUustration. The 
Oalton Hill shows a steep front to the town, while its eastern 
side slopes away down to the sea. Arthur's Seat, in like man- 
ner, has a precipitous western face, and a gentle declivity east- 
ward. The Caatie rock, too, shoots up pei'pendicularly from the 
valley that girdles it oa the north, west, and south, sinking away 
to the east in a long slope — 



East-Lotliian preseuts several well-marked instances ; in par- 
ticular, North Berwick Law and Traprain. A phenomenon so 
general must have had some general origin, and it was accord- 
ingly attributed to the same agency which produced the drift- 
claya and the striated rock-Burfaces, when these were believed 
to be the resulte of great diluvial action. It would seem, how- 
ever, that the phenomenon of crag and tail should not be asso- 
ciated with the boulder-clay. The latter is undoubtedly j 
newer Tertiarj- formation,^ but the denudation ^ which p 

■ TtM ruder in nrorred i-t Iha laAAt 
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crag and tail must have been going on long ere the Tertiary 
ages had b^gun. There is satisfactory evidence that large areas 
of our country were planed down at a greatly more ancient 
period liian that of even the oldest of the Tertiary series. Tiaa, 
the whole area of the county of Sussex suffered a very extensive 
denudation during the later Secondary ages. The Hebrides had 
undergone a similar process previous to the deposition of the 
lias and Oolite, and the Greywacke hills of south Scotland, fxe- 
vious to the formation of the Old Red Sandstone. There seems 
thus to have been a general and continuous process of degrada- 
tion at work during a long succession of geological ages. 

The results of this long-continued action are of the most 
startling kind. I have referred to the phenomenon of crag and 
tail as perhaps the most readily observable. We must not M 
to remember that the crag which now stands up so prominently 
above the level of the surrounding country, at one period lay 
buried beneath an accumulation of sandstone, shale, or oth^ 
strata, all of which have been carried away, so as to leave the 
harder rock in bold relief, with a portion of the less coherent 
strata sloping as a long tail from its eastern side. The crag, 
too, is often breached in many places, worn down at one end, 
rounded on the simimit, and sometimes wellnigh ground away 
altogether, whilst in front there is invariably a deep hollow 
scooped out by the current when arrested by the abrupt cliff. 




Fig. 2— "Crag and tail/' 



In Fig. 2, a represents a crag of greenstone worn away and 
bared of the shales which once covered it ; b, the sloping " tail " 
of softer strata, protected from abrasion by the resistance of the 
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trap-rock, and covered by a deep layer of drift, d ; c marks the 
hoUow on the west side of the crag. 

But when we come to measure the actual omouut of material 
that has been carried away, we are lost in conjecture as to the 
vastnesB of the time which such a process must have occupied. 
For tnstauce, the coal-bcarisg strata of Mid-Lothian must at 
one period have been connected with those of Linlithgow and 
Stirling. At n subsequent date, the western area subsided to 
fonn the Stirlingshire coal-basin, and the eastern area, in hke 
manner, sank down to form the coal-basin of Mid-Lothian, 
while the intermediate portion stretched from east to west as a 
great arch, or, as it is termed geologically, an antieUnal axis. 
Now, the whole of this arch has been worn away, — not a 
restige of it remains, and yet its upper or coal-bearing -paii waa 
fully 3000 feet thick.i 

Let tts take a small portion of this district, and endeavour to 
calculate the amount of matter thus removed. The Peutland 
hilla form a chain stretching from near Edinburgh for some 
fourteen miles southward, aud Laving an average breadth of 
about two miles and a half. They are formed chiefly of fels- 
pathic trap-rocks, resting upon and interstratified with conglo- 
merate apparently of Old Red age, which in turn lies upon ver- 
tical Silurian elates. Before the Carboniferous strata were 
thrown down by successive /aw ?(«, they must have covered these 
hilla completely to a depth of not less than 6000 feet.* Prom 

IwqribHl by Mr Mldnd, In 1.ii 
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this small area, therefore, stratified sandstones, shales, lime- 
t^tones, and coal, must have been removed to the enormous 
extent of one billion, eight hundred and fifty-four thousand, 
four hundred and sixty-four millions of cubic feet. 

But, perhaps, the most striking instances of denudation in 
the British Islands are the three famous Ross-shire hills — Suil 
Veinn, Coul Mor, and Coul Bheig. They are formed of piles 
of sandstone beds like tiers of regular masonry, and reach a 
height of 3000 feet over the sea. The sandstone of which 
they are composed must once have formed a bed or set of beds 
fully 2000 feet thick, that covered the whole district for many 
miles around. Yet of this extensive deposit there now exist 
only a few isolated fragments. I have watched the sunshine 
and shadow of an autumn sky resting alternately on these 
strange pyramidal hiUs, as they towered in their giant propor- 
tions like the last remnants of a mighty rampart that had stood 
the brunt of a long siege, and, breached at last in many places, 
had been all but levelled to the ground. How long-continued 
and how potent must that agency have been which could cut 
down and disperse the massive barrier that flanked the western 
coast of Ross-shire to a height of 2000 feet ! 

The Hebrides are but the shattered relics of an old land that 
had its mountain-peaks and its glens, its streams and lakes, and 
may have nursed in its solitude the red-deer and the eagle, but 
was never trodden by the foot of man. A glance at the map 
is enough to convince us of this. We there see islands, and 
peninsulas, and promontories, and deep bays, and long-retiring 
inlets, as though the country had been submerged and only its 
higher points remained above water. The conviction is im- 
pressed more strongly upon us by a visit to these shores. We 

beds among the itrata, and, judging from the number of aasodated tufas, appears to 
have been to a congiderable extent erupted while the lower carboniferous series was 
forming. Mr. M'Laren, in his excellent work, p. 100, states his opinion that the tn^ps 
may have materially contributed to push up the coal strata. A careAil and extended 
examination of the district has convinced me that this view Is incorrect. 
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siul through the windiop of one of the " soimds," oikI 
Etai'cely believe that we are on the bosom of tte salt sea. Hills 
rise on all aides, and the water, smootli as a polished mi: 
ahows HO pure and limpiil thnt in the Bunehine we can Bee 
white pelibles that atrew ita bed nianj fathoms down, 
eastern shore is often abruptly interrupted by long-receding 
lochs edged ronnd witJi lofty motmtains, and thus, where we 
had looked to see a deep heathy glen, with, perchance, a white 
tree-shaded mansion in the for distance, and a few dim smokiDg 
cottages in front, we are surprised to catch a glimpse of the 
white smIs of a yacht, or the darker canvas of the herring-boata. 
We sail on, and soon a sudden turn brings us abruptly to die 
raouth of the sound. A bold headland, studded around with 
rocl^ islets, rises perpendicularly from the sea, bleak and bare, 
without a bush or tree, or the faintest trace of the proximity of 
man. The broad swell of the Atlantic comes rolling in among 
these rocks, and breaks in foam against the grey clifTs overhead. 
In tempests, such a scene must be of the most terrific kind. 
Wo to the hapless vessel that is sucked into the vortex of these 
breakers, whose roar is sometimes hearil at the distance uf 
miles ! Even in the calmest weather the white siuf comes surging 
in, and a low sullen boom is ever reverberating along the shore. 
We see the harder rocks protruding S&v into the sea, and often 
pierced with long twilight caves, while the softer ones are worn 
into deep clefts, or hollowed out into open bays strewed over 
with shingle. The sunken rocks and islets, scarcely showing 
their tops above water, were all evidently at one time connected, 
for, ae we recede from the shore, we can mark how the process 
of demolition goes on. There is first the projecting noss or pro- 
montory, welluigh severed irom the mainland, but still connected 
by a rude aith, through which the swell ever gurgles to and fro. 
Then, a little farther from the shore, a huge isolated crag, 
washed on all sides by the surge, raises its grey lichen-clothed 
summit. A short way beyond, there is the well-worn islet wliose 
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surface shelters neither lichen nor sea-weed, but is ever wet 
with the dash of the waves. Further to the sea, the white 
gleam of the breakers marks the site of the sunken rock. Thus, 
in the space of a hundred yards, we may sometimes behold the 
progress of change from luid to sea, and see before us a speci- 
men of that action which slowly but yet steadily has narrowed 
and breached the outline of our western shores.^ 

If we attempt to trace the connexions of strata among the 
Hebrides, we shall be more fully impressed with the magnitude 
of the changes which have been effected. Thus the Idas and 
Oolite occur in patches along the shores of Mull, Morven, Ardna- 
murchan, Eigg, Skye, Raasay, and Applecross. But though now 
only in patches, these formations must once have extended over 
a considerable area, for they seem to form the under-rock of the 
whole of the northern part of Skye, and are seen in almost 
every lone island from Ardnamurchan Point to the Shiant Isles. 
These scattered portions, often many miles distant from each 
other, are the remnants of a great sheet of Hassle and oolitic 
strata, now almost entirely swept away, and are extant from 
having been covered over with hard trap-rocks. But for these 
it may be doubted whether we should ever have known that 
corals once gleamed white along the shores of Skye, that the 
many-chambered ammonite swam over the site of the Coolin 
Hills, that the huge reptilian monsters of these ancient times, 
icthyosaurs and plesiosaurs, careered through the waters that laved 
the grey hills of Sleat, and that forests of zamia and cycas, and 
many other plants indicative of a warm climate, bloomed green 
and luxuriant along the site of that strange mist-clad cliff-line, 
that shoots up into the pinnacles of the Storr and Quiraing. It 
is curious to reflect, that the records of these peaceful scenes 

I I have endearoored to illustrate the procesB of denudation by a reference to breaker- 
action on the existing coast-line of the Hebrides ; but a strong current must hare 
materially increased the force of the ancient waves, and produced abrasion to some 
depth below them. 
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have beeu preseiTod to ua l)y the devaetatmg eruptioiis of vol- 
canic forces ; that the old kva-BtreamB which spreail death 
through the waters along whose bed they travelled, have yet 
been the means of protecting the districts which they was 
while those parts where they did nut reach have been long since 
swept away. It is allowable to believe, that in the portions of 
liassic. strata which have been destroyed there existed the re- 
mains of not a few apecies, perhaps some genera, to be found 
nowhere else, and of whose former existence there is now, by 
uonsequence, no trace. In the snnall island of Pabba — a relic of 
the Scottish lias-^I foimd tliirty-one species, of which Dr. Wright 
has pronounced four to be new.^ A subsequent visit to the ad- 
jacent island of Raaaay has increased the list. In short, every 
patch of these Secondary rocks, if thoroughly explored, might be 
found to yield ita peculiar organisms. And in the tar larger area 
that has been carried away there existed, doubtless, many more. 
We are accustomed to see individuals perish and their remains 
cnunble away, but the species still holds on. In the stratified 
portion of the earth's crust, howe?er, we mark how not merely 
individuals have perished, but whole genera and species ; bnt of 
these the remains are still before us in the rocks ; we can study 
their forme, and, from a comparison with recent species and 
genera, can arrive at some idea of their nature and functions. 
In this way, we are able to picture the various conditions of the 
earth when these orgKiisms lived in succession upon its surface. 
Yet, we may readily conjecture, that in ancient eras many tribes 
and genera of plants and animals lived for ages, and then passed 
away without leaving any record of their existence. Many cir- 
cumstances might concur to prevent the preservation of their re- 
mans. The species of the Hebrides were preserved in the usual 
manner, but the cemetery in which their remains were entombe<l 
has been washed away, and they can be seen nowhere else. It 
is as if on some isolated country there had lived a race of men, 
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tall Patagonians, or swarthy Hottentots, or diminutive Lap- 
landers, with a civilisation of their own ; owing to some change 
of climate the race gradually dwindled down imtil it died oat ; 
eventually, too, the land settled down beneath the sea with all 
its ruined cities and villages, which, as they reached in sac- 
cession the level of the waves, were torn up and dispersed, and 
other races at last voyaged over the site of that old land, 
dreaming not, that in bygone years fellow-mortals of an extinct 
type had pastured their herds where now there rolled a wide- 
spread sea. 

But to return. We have seen that the long-continued action 
of the sea has been sufficient to breach and waste away the 
existing coast-line of western Scotland. When, therefore, sach 
results are produced by so ordinary a cause, need we go to 
seek the agency of great debacles to explain the denudation of 
other parts of the country 1 It is known that at great depths 
currents have little eflfect upon the rocks which they traverse, 
and that their action is greater as it nears the surface. To 
account for the phenomena of crag and tail, and the general 
<lenudation of the country, we may suppose the land to have 
been often submerged and re-elevated. As hill after hill rose 
towards or sank below the sea-level, it would be assailed by a 
strong current that flowed from the west and north-west, imtil, 
in its slow upward or downward progress, it got beyond the 
reach of the denuding agencies. In this way the general contour 
of the land would he greatly though very gradually changed. 
Hills of sandstone, or other material of feeble resistance, would 
be swept away, the harder trap-rocks would stand up bared of 
the strata which once covered them, deep hollows would be 
excavated in front of all the more prominent eminences, and 
long declivities would be left behind them. — (See Fig. 2.) 

If my reader has ever visited the channel of a mountain- 
torrent — 

" Imbres 
Quem super notas aluere ripas" — 
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lit) uiuat have nutieed an exact coimterjiitrt Ui thea« aiipearance 
When the waters have aubaided, the overflowed parts are seen 
to be covered in many places with santL Wherever a pebble 
occurs along the surface of this saud, it ban invuriably a hollow 
before it on the side facing the direction whence the stream ia 
flowing, and a long tail of sand pointing down the channel If 
we watch the motion of tlie water along its bed, the denuding 
agency may be seen actively at work. Every pebble that pro- 
trudes above the shallow atreanJet arreets the course of the 
current, which is then diverted iu three directions. One part 
turns off to the right hand of the pebble, and cuts away the 
Band from its flank ; another part strikes off" to tie left, and 
removes the sand from that side ; while a middle part descends 
in front of the pebble, and, by a kind of circnlal' or gyratory 
movement, scoops out a huUow in the sand in front. Behind 
the pebble the water is pretty still, so that the sand rem 
undisturbed, and is further increaseil by the accumulation above 
it of sediment swept round by the lateral currents. Now, i 
place of the supposed stream, let us substitute the ocean with 
its westerly cuiTent — for the pebble, a great trap-hill — for the 
sand, easily friable shales and sandstones, and we have exactly 
the condition of things which produced crag and tail. 

This process of destruution miiat have been in progress during 
many geological ages. We may suppose, that in that time 
land often changed level, sometimes rising far above the sea, 
and sometimes sinking deep below it. We can well believe 
that the surface would often be covered with vegetation ; that 
plants, widely diflering from those which are now indigenous, 
clotiied its hiU-aides and shaded its valleys j and that animals 
of long extinct forms roamed over its plains or prowled amid 
its forests. When the country, in the lapse of centuries, sank 
beneath the aea-level, all trace of theae scenes would eventually 
be effaced. The westerly currents would soon recommence 

t of degradation, uprooting the forests, devastating the 
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plains, wearing down the hills, and scooping out the valleys ; 
and so, when the ocean-bed, in the course of ages, became again 
dry land, it would arise " another and yet the same." The 
little valley, where once, perchance, the mastodon used to rest 
his massive bulk amid a rich growth of ferns, shaded by the 
thick umbrage of coniferous trees, would emerge a deep glen 
with bare and barren rocks on either side ; the site of the hiU 
whereon herds of the gazelle-like anoplothere were wont to 
browse, might reappear a level plain ; the low-browed rock, 
under whose shadow the ungraceful palseothere used of old to 
rest from the heat of the noon-tide sim, might emerge a beetling 
crag shooting up several hundred feet over the valley. It is 
by this repeated elevation and submergence, carried on for 
many ages, that our country has acquired its present con- 
figuration. 

We can easily picture to ourselves the appearance which the 
British Islands would thus at diflferent periods present. At one 
time, nearly the whole of England would be under water, with, 
however, a few islands representing the higher peaks of Corn- 
wall ; others scattered over the site of the West Riding of York- 
shire ; and a hilly tract of land over what is now Wales. Scot- 
land must have existed in a sorely mutilated state. A thick-set 
archipelago would represent the Cheviot Hills, and the country 
south of the Forth and the Clyde ; north of which there would 
intervene a broad strait, with a comparatively large area of un- 
dulating land beyond, stretching across what is now the area of 
the Grampian Hills. A narrow fiord would run along the sit« 
of the Caledonian Canal, cutting the country into two parts, 
and running far into it on either side as deep lochs and bays. 
I have had such a condition of things vividly recalled when 
on the summit of a lofty hill in early morning, while the mists 
were still floating over the lower grounds, and only the higher 
hill-tops, like so many islands, rose above the sea of cloud. It 
was not a little interesting to cast the eye athwart this changing 
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scene, and mark how each well-known peak and eminence looked 
when deprived of its broad sweep of base. What before had 
always seemed an abrupt precipitous summit, now took the 
form of a lonely rock or deep-sea stack, that might have served 
as a haunt for the gull and the gannet. The long swelling hill 
rose above the mist as a low undulating island, treeless and 
barren. It was easy to think of that wide expanse of mist as 
the veritable domain of ocean, to picture the time when these 
were veritable islands lashed by the surge, and to coiyure up 
visions of ice-floes drifting through the narrows, or stranding 
on the rocks, amid a scene of wide-spread nakedness and deso- 
lation. 
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CHAPTER IV. 

Interior of the boulder — Wide iDterrals of Geology — Illustratiun— Long interval between 
the formation of the boulder as part of a sand-bed, and Its striation by glacial 
action — Sketch of the intervening ages — The boulder a Lower Carfooniferoos rode— 
Cycles of the astronomer and the geologist contrasted — Illustration — Plants shown by 
the boulder once grew green on land— Traces of that ancient land — Its seas, shores, 
forests, and lakes, all productive of material aids to our comfort and power — ^Plants 
of the Carboniferous era— Ferns — Tree-ferns— Calamites — Asterophyllites^Lepido- 
dendron— Lepidostrobus — SUgmaria — Scene in a ruined palace — Sigillaria — Coni- 
fersB, CycadesB — Antholites, the oldest known flower — Grade of the Carboniferoas 
flora — Its resemblance to that of New Zealand. 

I HAVE likened the boulder to an old volume of the middle 
ages encased in a modem binding. We have looked a little 
into the mechanism and history of the boards ; in other words, 
we have gone over the history of the scratched surface of the 
boulder, of the clays and sands around it, and of that still 
earlier cycle of denudation whereof the rock itself is probably a 
relic. Before proceeding to open the volume itself, it will be 
well that we clearly mark the wide interval in time between 
the ages represented by the surface-striation and those indicated 
by the interior of the boulder. When we proceed from the 
groovings on the outside to the plants within, we pass, to be 
sure, over scarcely an inch of space, but we make a leap over 
untold millenniums in point of time. It is as if we had laid our 
hands on a volume of history which had by some misfortune 
found its way into the nursery. The first page that catches 
our eye relates the battle of the Reform Bill, and, on turning 
the previous leaf, we find ourselves with Boadicea and her 
woad-coloured soldiery. Now, if one utterly ignorant of the 
chronology of the country were to be told that the volume 
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related aolely to one jwople, he would at once see from tiie 
mumers and customs delineated, that the two pages referred tu 
very different etatee of civilisation, and consequently tu widely- 
separated periods. But lie coulil give no account of how long 
an interval might hare elapsed between tlie time wlien London 
liad its mhaliitauts massacred by Boadicea, and the time when 
another generation of them was excited by the tardineBs of 
King William iv. He could form no conjecture as to what 
events might have happened in the meanwhile. The interval 
might be a century or twenty ceDturies, wherein the city might 
have been burnt down fifty times. Clearly, if lie wished to 
moke himself acquainted with the intervening history, he would 
have to betake himself to an unmutilated volume. 

And just BO is it with our boulder. We can easily believe, 
merely from looking at it as it Ues on its clayey bed, that a 
long time must have elapsed between the time of its formation 
as part of a sandstone bed, and the period of its transportation 
and striation by an iceberg. The sand of which it is formed 
must have been washed down by currents, and other sediment 
would settle down over it. It would take some time to acquire 
its present hardness and solidity, while, in long subsequent 
times, after being broken up and well-romided by breaker or 
current action, it may have lain on some old coast-line for 
centuries before it was finally frozen into an ice-floe, and an 
freighted to a distance. But the stone, with all its stories of 
the olden time, can tell ua nothing of this intervening period. 
It leads us from a dreary frozen sea at once into a land of 
tropical luxuriance, and so, if we desire to know anything of 
the missing [lortion of the chronology, we must seek it else- 

The Boulder-clay is one of the latest of geologic periods.'- 
Beyond it we get into Tertiary times, and leani from the eaves 
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of Yorkshire how elephantB, hyenas, rhinooeroees, hippopotami, 
bears, and wolves, prowled over the rich valleys ; whil^ from 
the quarries of the Isle of Wight, we see how at an earlier 
time herds of uncouth palseotheres and slimly-built anoplotheres 
browsed the plains of Old England. Beyond the Tertiary ages 
come those of the Chalk, with its ocean that swarmed witii sea- 
urchins, terebratulse, pectens, sponges, and many other forms. 
Then arises the era of the Wealden, with, its bosky land haunted 
by the unwieldy iguanodon ; the Oolite, with its land rich in a 
coniferous flora, and tenanted by a race of small marsupial 
animals, and its seas abounding in corals, encrinites of many a 
form, cidares, cuttle-fishes, and ammonites. Further back still, 
come the times of the Idas, that strange era in the history of 
our country, when reptiles huger than those of the Nile swam 
the seas, and sped on wings through the air. Then come the 
times of the Trias, when a vegetation still further removed from 
existing types clothed the land, and frogs large as oxen waddled 
along the shores. Then the times of the Permian, with its 
deep sea tenanted by a meagre list of corals and shells, and by 
a type of fishes that was slowly passing away. We arrive at 
last at the Coal or Carboniferous period, to the older ages of 
which our boulder belongs. 

These eras may have been some longer, some shorter, but 
each had a duration which, when tried by human standards, 
must be regarded as inmiensely protracted. The cycles of 
astronomy are very vast, yet I have often thought that the 
cycles of geology, though probably of much less duration, 
impress us more forcibly with the antiquity of our planet 
The astronomer tells us of light that has taken two millions 
of years to reach our earth, and of nebulae that are millions 
upon millions of miles distant, but these numbers are so vast 
that we cannot bring ourselves to realize them. We know 
that there is a great difference between two millions and 
ten millions, but we cannot fully appreciate it, and so the 
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pmoda iii' the aatronomer, beyond a certain point, ceaso ade- 
i^uately to impresa ub. So long as they can be easily contraated 
with our own Htandarda of comparison, they have their full 
foroe ; but after that, every odditionat million, or t«n mlUions, or 
ten hundred millions, produces only a confiiaed and bemldereil 
sense of immensity, and the comparative amount of each ail- 
itition fails to be realized. Will my reader forgive a homely 
illustration : — Some years ago, I stood at the pier-he-ad of one 
uf our amaUer sea-port towns, and watched the aun as it sullenly 
sank behind the outline of the opposite hilla. The breadth of 
the channel, in the direction of simset, was several miles, but 
in the flush of evening one fancied he could almost have thrown 
a stone across. The water lay unniffled by a ripple, and 
reflected all the thousand varyiog tints that hghted up the sky. 
The harhom', that had been a busy scene all evening, begMi t<i 
Ktow leas noisy, as one by one the hening-boatB pushed out to 
a^t. I found it not a httle interesting to mark, as the boats 
gained the open firth, how the opposite coaat-linc gradually 
seemed to recede. The ferther the dark sails withdrew, the 
more remote did the adjacent shores appear, until, as the last 
tinge of glory faded from the clouds, and a cold grey tint 
settled down over the landscape, the hills lay deep in shade 
and stretched away in the twilight as a dark and distant land 
from whose valleys there rose troops of stars.'' The coast-line, as 
seen in early evening, reminded me of the periods of the astro- 
nonier ; as seen in early night, it reminded me of the periods 
of the geologist. We fail to appreciate the real duration of 
MtronomJcBl cycles, because they are presented to ns each as 
one vaet period. They are not subdivided into intervals, and 
i-ontain no succession of events, by means of whicii, as by mile- 
Etonea, we might estimate theh extent ; and so their unvaried 
nuntinuitj tends to diminish the impression of their vastness, 
just as the firth, without any islet or vessel on its surfai'p. 
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seemed greatly narrower than it reaUy was. For it is with time 
as it is with space — ^the eye cannot abstractly estimate distance, 
nor can the mind estimate duration. In either case, the process 
must be conducted by a comparison with known standards. 
The geological periods exemplify the same rule. They may not 
be greater, perhaps not so great, as those revealed by astronomy, 
yet their vastness impresses us more, because we can trace out 
their history, and see how step by step they progressed. Thus, 
that the interval between the boulder-clay and the coal-measures 
was immense, we learn from the records of many successive ages 
that intervened, in the same way that one b^an to perceive the 
real breadth of the firth, by resting his eye on the succession 
of intervening herring-boats. In the former case, the mind has 
ever and anon a sure footing on which to pause in gauging 
bygone eternity ; in the latter, the eye had likewise a succes- 
sion of points on which to rest in measuring distance. Or, to 
return to a former illustration : Boadicea lived eighteen hundred 
years ago, but who does not feel that the last nine hundred 
years look a great deal longer than the first 1 The one set has 
few marked incidents to fix the thoughts ; the other is replete 
with those of the most momentous kind. In the one, we have 
a meagre list of conquerors and kings, from Julius Csesar down 
to Athelstan ; in the other, events crowd upon us fix)m the 
waning of the Saxon power down through the rising gloiy of 
our country to the present plenitude of its power and greatness. 
The early centuries, like the cycles of the astronomer, pass 
through our mind rather as one continuous period ; the later 
centuries, like the cycles of the geologist, arrest our thoughts by 
a succession of minor periods, and hence the idea of duration is 
more vividly suggested by the diversified events of the one series, 
than by the comparatively unbroken continuity of the other. 

Let us now open the volume and try to decipher the strange 



legcude wLich it contains. On removing aomt' of the up|jer 
layera of the boulder, I tbund, as I hare said, well-pTeserved 
remaina of several kinds of plants. One of them was ribbed 
longitudinally, with traniverse notches every three or four inches, 
as though a number of stender tlireads bad been stretched along 
a rod, and tied tightly to it at regular intervals. Another, sorely 
mutilated, was pitted all over Bomewhat after the fashion in 
which the confectioner punctures his biscuits, A third liad h 
more regular pattern, being prettily fretted with small lozenge- 
shaped prominences that wound epiraUy round the atalk. Other 
plauts seemed to be present, but in a very bad state of pre- 
servation. They were sii jumbled together and converted 
into a black roaly aubstance, in which no stnicture could bo 
discerned. 

Thef* plants assuredly once grew gi'ten upon the land ; but 
where now is that land on which they flourisbed J Had it hills 
and valleys, rivets and lakes, aucb aa diversity our country i 
Waa it tenanted by sentient beings, and, if so, what were theii 
forms 1 Did insects hum their way through the air, and cattle 
browse on the plains, and fisb ganibol in the rivers t Was the 
land shaded with forests, dark and rugged like those of Norway, 
or fragrant as the orange-groves of Spain 1 What, in fine, were 
ita peculiar features, and how iar did its scenery resemble that 
of any country of the present day ? 

That old land has not entirely disappeared. Traces of it am 
found pretty extensively in South Wales, in Staffordshire, around 
Newcastle, and through central Scotland. Strange as it may 
seem, its foreste are still standing in many places. The fishes' 
that disported in its lakes, the insects that fluttered amid its 
vuodfl, and the lizards that crawled among its herbage, are still 
1 part preserved to us. Nay, more ; we may sometimes see 

e sea-beoches of that ancient land pitted with rain-drops, and 
jjiened with ripple-marks, as freshly as if the slinwer had 
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fallen and the tide had flowed only yesterday. The peasants 
along the Bay of Naples gathered grapes from the flanks of 
Vesuvius for well-nigh seventeen centuries, before it was ascer- 
tained that they daily walked over the site of buried cities, 
with temples, theatres, and private houses still erect It was 
many more centuries ere the people of Great Britain discovered 
that not a few of their villages and towns stood on the site 
of buried forests, and lakes, and seas. We have now, however, 
become aware of the fact, and are making good use of it. We 
dig into the earth and exhume these old forests to supply us 
with light and fuel ; we quarry into the ripple-marked shores 
which fringed that old land, and build our houses with the 
hardened sand ; we calcine the ferruginous mud that gathered 
in its swampy hollows, and extract therefrom our most faithful 
ally both in peace and war — ^metallic iron ; we bum the deli- 
cate corals and shells and lily-like zoophytes which lived in the 
sea of that far-distant era, to enable us to smelt our iron, to 
build our houses, and manure our fields ; in short, every year 
we are discovering some new and valuable material in the pro- 
ductions of that period, or finding out some new use which can 
be made of the substances already known. A more than ordi- 
nary interest, therefore, attaches to the history of the land and 
sea which have furnished us with so many aids to comfort as 
well as power ; and we shall find, as we go on, that that history 
is a very curious one. 

I shall describe some of the more common plants and ani- 
mals of the period, that we may be able, in some measure, 
to look back through the ages of the past, and see how these 
plants would appear when they cast their broad shadow over 
river and lake, and how these animals would have seemed 
to human eye irf'the twilight of the forest, in the sluggish flow 
of the river, attid in the stagnant waters of the lagoon. 

The Flora^ or vegetation of the Carboniferous era, differed 
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widely from any tliat now eidsts. With the exwption of tln- 
liighcst or exL>genouR class, it poaaeseed rcpreseDtatives of all the 
existing clasBee of the botanic Bcale, but in very atraage propor- 
tions. The number of species of carboniferous plants already 
found in Great Britain amounts to about three hundred, amongst 
which the ferns are especially abundant. Some of them seem 
to have been low-growing planta, like the braclceQ of our hill- 
sides, but others must have shot up to the height of forest trees. 
We can recognise a few coniferous and eycadaceous plants, a 
good many stems resembling the " hi>Tse-tail " of our marshy 
grounds, and some of large size akin to the creeping c!ub-mosa 
of our heaths ; but there are still many to which there exist 
no living analogues. 

When we examine the roof of a coal-pit, or split open plates 
of shale in a quarry of the coal-meaauros, we are struck with 
the aimilarity whieh the ferns in the stone bear to those among 
inir woods and hills. One of the most common, and, at the 
HJtme time, most elegant forms, is the Sphenopttrk or wedge- 
leaved fern, of which a large list of speeiea is known. One of 
them (&'. ci'enala) had a strong stem, from which there Hpiung 
straight tapering branches richly dight with leaflets. The leaf- 
lets — somewhat like minute oak-leavea — were ranged like those 
ijf our modem ferns, along two sides of the stalk, in alternate 
order, and taperod gently away to its outer extremity. The 
e&et of the whole is singularly rich, and one can well believe 
that a garland of this ancient fern would have wreathed as 
gracefully around a victor's brow as the parsley of Nemea or 
the laurel-leaves of Delphi. 

Another plant of the same genus (6'. a0nu, Fig, 3) has leaflets 
like the petals of the meadow-diusj, arranged in clusters along 
its slim diverging stalks. From a collection and comparison of 
many specimens, the lat« lamented Hugh Miller was enabled 
to make a drawiug of this fern as it must have appeared when 
it waved green along the old carboniferous hill-sides. I enjoyed 
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the privilege of going over these Bpecimene with him, and 
tnarked how, under a master-hand, piece by piece fell into ite 
proper place, and yielded up its evidence. Hia restoratioii, 




which furms the frontispiece to his last work, is a very beauti- 
ful one, and it is as true as it is beautiful. 

The Pempterlt (Fig. 4, P. hetenyphylla) or comb-fern, is so 
called irom its stiff thick leaflets being in some species arranged 
along the stalk like the teeth along the centre of a comb. Of all 
the plants of the coal-measm^s this is the one that approaches 
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luoBt t'losely to living nature. It uppears to be almost identi- 
cai with the pterit, of -which one speciea is well known as the 
bracken of our hill-Bides. Dr. Hooker figures together a frond of 
a, New Zealand epeciea {!'. egeulentu) and a fossil Irond irom the 
Newcaetle pits. They are so similar as to be easily mistaken at 
first sight for drawings of the same plant.^ The Nfuroptrrii (as 
jV gtgantea, Fig 6) or nerve-letvid fern la remarkal le for ita 
strongly-defined venation It is scarcely perhaps so elegant in 
its outline afi the sj-Iienoptei ix r some of the other ferns. Its 
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Ifaflets are large and thick, with an oblong or rounded form, and 
juranged either singly along the frond stem, or along secondaij 
foot-Btalka, which diverge from the main stem. Of the latter 
kind, Bome of the species have a good deal of resemblance 
to our Osmunda reffalis or royal fern. A species of the fonner 
(^laas (JV. cordataj might readily enough be mistaken for the young 
leaves of the Scolopendrium or hart's-tongue, which hanp out 
its glossy green amid the gloom of dank and dripping rockB. 
There are, besides, several other genera of ferns in the Car- 
lioniferouB strata, Bueh as the Cydopterit (C. ilHtUaia, Fig. 5) 
or round-leaved fern, and the OdontoplerU or tooth-fem. Most 
(rf these seem to have been lowly plants, like the ferns of J 
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iiur own country But there was another class to whidi no 
HualoKue can be shown in Europe They rose high over their 
humbler congeners aa lofty trees, and must be studied by a 
reference to the existmg tree-fema of intertropical cuuntnes 




Tree-ferns flourish in warm climates, and are inct with in 
Brazil, the East and West Indies, New Zealand, &<;. Tlicy 
rise Bometimes to the height of fifty or sixty feet, with n loii^ 
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tttpering atom Hurmounted by a dense crown of gi-aeeful fronds. 
and might easily be mistaken at a litHe distance for palms. All 
tlie known speciea belong to the same diviaion (Polifpodiaeea') 
with the coimnon polypodiuin of our road-sides. In k 
genera, as the ahnphiln of the East Indies, the trunk is ribbed 
by long creejiing branches, or rather rootlets, which descend tii 
the soil, giving the tree somewhat of the appearance so often 
seen in old woods, where venerable fir-treea have been firmly 
encaseil by the bearded stems of the ivy. Another genus, the 
C-t/athea, has its stem covered with oblong scars where leaven 
were attached, and a circle of rich outspread fronds surmomjts 
its aunimit. One of the coal-measure tree-feme seems to have 
resembled this recent tyjie. It is named the Caulopteris i 
stalk-fern, and had a thick stem picturesc[uely roughened by 
irr^nlar oWong leaf-acars, that wonnd spirally from its base to 
its point. No specimen has hitherto been found showing the 
fronds in connexion with the stem, so that we are still ignorant 
of the kind of foliage exhibited by this ancient tree. There can 
be no doubt, however, that it was crowned with a large tuft l^f 
boughs that cast their shadow over the sward below, and we 
may, perhaps, believe that some of the numerous detached ferns 
found in the shales of the coal-series, once formed part of this 
lofty coronal 

An important section of the carboniferous plants is embraced 
under the generic name of Calaniiteg. They had amootb jointed 
stems, like reeds, and terminated beneath in nn obtuse curved 
point (Fig. 8), from which there sprang broad leaflets or rather 
rootlets. After many years of research our knowledge of these 
ptantB is still veiy scanty. Some of them have exhibited a 
highly-organized internal structure, from which it appears that 
they consisted — first, of a soft central cellular pith ; second, of 
a thick layer of woody tissue ; and third, an external cylinder 
iif atr()ng bark, ribbed lungitndinally, and furrowed trnnsi'ersely. 
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Tljey have been ranked with the common horeu-tail of our 
imnds, but they would rather appear to belong to a higher 
liimily. The breaiith of the Btem ii very various, Bome sped- 
tneoB being a foot or more in lUameter, others scarcely half an 




[inch. From the diBCOveriea of Profeaaor WilliamBon and Mr. 
Binny of Manchester, it eeeniB not imlikcly that what we call 
calmnitcs may be really the inner core of a plant not yet 
named, just as a set of foBsila were long called stemhergke^ 
before they were discovered to be really the pith of coniferous 
trees. With regard to the bran chea of the oalaniites, Brongmart'B 
ronjeeture may be tnie, that they exist Mmong the group of plants 
called asterophyllites. It is not unhkely that many dissimilar 
rilnnts have been grouped together as raJiimites, and, on the other 
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hand, that plants allied to the typical species havo been thmwn 
into separate genera. For it requires Imt a slight acquointanre 
w-itJi the vegetable kingdom to know Low many forms analogous 
parta of the same plant may aaeume, ami how impossible it 
would often be to guess the real 
Telationship of auch Tarieties if 
they were not foimd growing to- 
}!;ether on one plant. 

A remarkably graceful class 
of the coal-plants are known as 
iiittrophyllites. They had slini 
fluted and jointed stalks, appa- 
rrntly of humble growth. From 
I'aeh of the joints there sprang 
two thin opposite branches with 
stellate (•lusters of leaflets ar- 
ranged round them at equal 
distances. If the reader will 
take a young rush-stalk, and 
string along it a number of the 
floweifl of the little star-wort, 
keeping them a little distance 
iip)art, he may furm some idea 
iif the appearance of a single 
branch of the stor-bearing a^le- 
rophffllUe. Some of the plants 
embraced under this genus are 
conjectured to have been aquatic, 

spreading out their clusters of leaflets in the green shiggiah 
water of stagnant pools ; but many of them are evidently 

• The tOHJL gl'to In Fig. n Is named bj Tilndloj (Feii. Fh. t. 14, IB), CaUatiUi 
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related to the calamites, and may possibly have fonned part of 
these plants. 

Whoever has rambled much in a coal-country, scrambling 
through briars and brambles in old quarries, or threading 
his way among the rocks of river-courses, must often have 
noticed, on the exposed surface of sandstone blocks, dark 
ribbon-like bands fretted over with little diamond-shaped knobs. 
They are so common in some districts, that you can scarcely light 
upon a piece of sandstone which does not show one or more. 
They belong to a carboniferous plant known as lepidodendron 
(Fig. 10) or scaly tree, from the peculiar style of ornamentation 
which adorned its bark. Its structure and affinities have puzzled 
botanists not a little. A well-preserved specimen reminds one 
of the appearance presented by a twig of the Scotch fir, when 
stripped of its green spiky leaflets. The scars thus left at the 
base of the leaflets are of a wedge-like form, and run spirally 
up the branch in a manner very like those on the branches of 
lepidodendron ; and it was accordingly supposed at one time 
that the latter plant belonged, or at least was allied, to the 
conifers. But the branches of lepidodendron possessed a pecu- 
liarity that is shared in by none of our present coniferous trees. 
They were what botanists call dichotomom, — that is, they sub- 
divided into two equal branches, these again into other two, 
and so on. Their internal texture,^ too, differed from that of 
any known conifer. The only tribe of existing plants with which 
the lepidodendron seems to bear comparison, are the Lpcopo- 
diacece, or club-mosses, of which we have several species in the 
moor-lands of our own country. They are low trailing plants, 
with moss-like scaly branches, bearing at their ends shaggy little 
tufts, — whence the popular name of the genus. In warmer 
climates, they are both more numerous and attain a larger size, 
sometimes standing erect to about the height of an ordinary 
gooseberry-bush. But though the lepidodendron appears to 

1 See Hooker, Mem. Oeol. Surv. vol. ii. part if. p 436. 




t nmst have been eminently picturesque. A siiaggy covering 
of greeii spiky lenflete bristled over their tuultitudinoua pe&dajit 
tonghB ; and where on the older stenin these leaflets had de- 
layed and dropped off, the outer bark was laid bare, fretted over 
s of diiimond-«haped or oval eceie, separated by wav' 
ing lines of ridge or furrow, that wound spirally round the atem. 
From not a few of the branches there sprung oblong hirsute ' 
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cuiiea lallod le/iiJoetrodi (Fi),'. 1 1), whidi boK the sponuigia, 
seed-cnseH. Tliese cunea are of frequent occurrence in the aliale!> 
iif the coal-measures, and may b« 
reiidily recognisal. Thej hafi a (an- 
tral axis round which tbe (ibloiig 
sporangia were built, the whole being 
protected externally by a thick cover- 
ing of pointed scales, imbricated libc 
tlie coue of the Scotch fir. Thf 
JcaSets of le[»dadendrou, called /f/ti- 
ihijihi/tla, were broader than those 
uf the Scoteh fir, and had a stout 
mid-rib, which must have given theuj 
a rigidity like that uf the araucarisii 
pint — a plant they may also have 
resembled in the diirk gloeey green 
of its leaves. 

Of all the coumum coal-meaauri- 
plants, there is iierhaps noue a<i 
abuiidant aa that known by the 
name of stiffmaria, or punctured- 
stem. It is found spreading out its rootlets fur Bcvenil yardu 
in beds of shale and under-clay, and aonietimea even lime- 
stone,^ while, in many sandetones, fragments of ite blackeneil 
atoms lie as thickly strewn as twigs among the woods in 
autumn. I have said that several of the plants above described 
have greatly puzzled botanists. None of them, perhaps, has 
given rise to so much conjecture and variety of opinion as the 
stigmaria. The history of the discussion regarding its nature 
and affinities, would be not a little iutereating as an illustration 
of tbe slow hindered progress often attendant on the researches 
of science, and an instance of how a few simple facts are some- 
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Jiiougli to overturn the moat plausible thouriea aud piu- 
bable coiyectures. Many thousands of speolmena had been 
examined ere one was found tliat revealed the true nature uf 
the stigmaria. It was by some imajriued to he a soft succulent 
marahf plant, coneiating of a 
number of long branches ni- 
diating Irom a sort of soft disk, 
tike spokes from the centre of 
a wheel Anologiea were Biig- 
geeted with dicotyledonous 
tribes, aa the cacti and euphor- 
bia, though it was at the saum 
time aduiitti'd that the au- 
i^ient plant presented appear- 
ances whieli seemed very ano- 
malous. 

In the course of an extensive survey of the coal-field of South 
Wales, Mr. (now Sir William) Logan ascertained the important 
fa^t, that each coal-Beam is underlaid by a bed of clay, in which 
the Btema of Btigmaria, branching freely in all directions, may 
l« traced to the distance of many feet or even yards. Tiiey 
were recognised aa undonbtedly occupying the site on which 
they grew, and consequently each coal-seam was held to rest upon 
an ancient soil. Some years afterwards, in making a cutting for 
the Lancaster and Bolton Railway, several upright massive stems 
belonging to a plant called siffUlaria, were found to pass down- 
wards into true stigmaria stems (Fig. 12). There could be no 
doubt that they werS different parts of one and the same plant. 
This fact has since been abundantly demonstrated from the 
NoTa Scotia coal-field. Many aigillarife have been found there 
paasing down into the fire-clay below, where they branch out 
huriKuntally as true sttgmariie. It is evident, therefore, that 
the stigmaria was the nndcr-groimd portion of a plant, which, 
judging from tlie nature of the aoil, and the free mode 
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, vhiuh the teodei rootlets braimheil oS, ap|iciirs tu have iiTed ii 
[. ftquatic or manhy Btatdons. 




e stigmaria ib too v, dl marlied to ht readilj u nfouniieil 
Y other coal mesAuie plant It haJ a Touniled stem, 
nore than four or Btc inches across, wLiih was marked 
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hy a serieB of circular tuberculea with a puncture in the ceutre, 
arranged in epiral lines round the stem. Each of tiicse tubercules 
is BUiTDundeil, in ordinary Bpecimeos, by a, circular depree- 
Bion,^ and the whole plant {if one may use the comparifion) 
looks a^s if it had been emittcn with small-pox. From the 
hoUow in the centre of each protuberance, there shot out a 
long round rootlet, formerly thought tu be a leaf, 'and aince the 
tubercules are pretty thickly Bet, the stigmaria muat have had 
a somewhat hirsute appearance as it crept through the mud. 
It would resemble a thick bearded stem of ivy, save that the 
fibres, instead of running up two sides, were clustered all round 
it. Along the centre of the ruot, there ran a woody pith of a 
Larder and more enduring texture than the surroimding part of 
the plant. The space between the out«r tubercided rind and 
the inner pith, seems to have been of a soft cellular nature, and 
to have decayed first, for the pith is sometimes hollow, and 
may not unfrequeutly be seen at a dietance from the centre, 
and almost at the outer bark — a circumstance that Beeras only 
explicable on the supposition, that while the surrounding por- 
tions were decaying, the firmer pith altered its position in the 
hollow stem, Hinkiug to the lower side, if the plant lay prostrate, 
and that it did not itself begin to decay until the interior of the 
st«oi had been at least partially £11ed up with sand or mud, or 
fossilized by the infiltration of lime. From the root of the 
sigillaria, wliich bus a curious cross-shaped mark on its base, 
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tiie stems of stigmaria strike out horizontally, first as four great 
roots which subdivide as they proceed. Their subdiviaioQB 
are dichotomous, each root splitting equally into two, and thus 
they want that intricate interlacing of rootlet which is so 
familiar to us. The whole disposition of these under-ground 
stems is singularly straight and regular, leading us to belicTe 
that they shot out freely through a soft muddy soil 

Some time ago I chanced to visit the remains of what bad 
once l^een a royal residence, and still looked miyestic even in 
decay. It gave a saddened pleasure to thread its winding stairs, 
and pass dreamily from chamber to hall, and chapel to closet ; 
to stand in its gloomy kitchens, with their huge fire-places, 
whose blackened sides told of many a roaring fagot that had 
ruddied merry faces in days long gone by ; to creep stealthily 
into the sombre dungeons, so dank, earthy, and cold, and then 
winding cautiously back, to emerge into the light of the sum- 
mer sun. The silent quadrangle had its encircling walls pierced 
with many a window, some of which had once been richly 
carved ; but their mullions were now sorely wasted, while others, 
with broken lintels and shattered walls above, seemed only 
waiting for another storm to hurl them among the roofless 
chambers below. In the centre of the courtyard stood a ruined 
fountain. It had been grotesquely ornamented with heads pf 
lions and griffins, and was said to have once run red with wine. 
But it was silent enough now ; the hand of time, and a still surer 
enemy, the hand of man, had done their worst upon it ; its 
groined arches and foliaged buttresses were broken and gone, 
and now its shattered beauty stood in meet harmony with the 
desolation that reigned around. I employed myself for a while 
in looking over the fragments, marking now the head of some 
fierce hippogr3rph, anon the limbs of some mimic knight dad in 
armour of proof^ and ere long I stumbled on a delicately Bcolp- 
taxed Jleuv'-de-lis, that might have surmoimted the toilet-window 
of some fair one of old. Turning it over, I found its unhewn 
side exhibited a still more delicately sculptured stigmaria. The 
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inuideut was CBrtuiuly simple enough, perhaps even trifliug. 
Asid yet, occurriiig in a spot thiit eeeined consecrated to reverie, 
it Hwuke a traia of pleasant reflectiou. How v'uh tlie interval 
of time which was bridged acmaa in that sculptured stone ! Ita 
one side carried the mind back but a few generations, the other 
harried the fancy away over ages and cycles far into the dim 
shadows of a past eternity. The one told of a land of flowers, 
mnsical with the hum of the bee and the chantings of birds, 
and gladdened by the presence <if man ; the other told of a 
land luxuriant, indeed, in strange forma of vegetation — huge 
clnb-mosses, tall calamitcs, and waving fema — yet buried in a 
silence that was only broken fitftdly by the breeze as it shook 
the spiky catkins or the giant fronds of the forest. The 
jlatr^-lis recalled niecnoriea of Frauce^the sunny land of 
France — which stood out so brightly in the dreams of our 
Rohootdays ; the atigniaria conjured up visions of a land 
that was never gazed on by human eye, but rolled ita rich 
champaign during the long ages of the Cu^joniferous era, and 
MmotimeB rises up dimly in the dreami of our matui-er yeara. 
Between these two epochs liow many centuries, how many 
cyclea must have slowly rolled away 1 Tiie fleui--<Je-iii waa 
ctUTed but yesterday ; the stigmaria flourished when the earth was 
young, and had seen scarcely a third part of its known history. 
I have said that the stem of the stigmaria is called sigiUaria. 
Xhe name may be translated signet-sUm^ and has reference to 
one of the distinguishing pecidiaritiee of the phtnt. About 
twenty British species are enumerated, some of them very dissi- 
milar, yet they all agree in having long fluttd stems with parallel 
rows of prominent seal-like tubcrcuiea. The sigillaria difiered 
a.) widely in its whole contour and ornamentation from every 
living plant, that it is impossible to convey an idea of its form 

I The word f^lJfidrfd [ireiJLy plimJ» bad urai asod b.v tlia RomMiA to denotvtbe llItLb 
IB^H irhioh Mendi were Hum Co preuDt la eaah other hC tha end □ ~ ' 
Tliij' >liaiiiiliii1 jMiilrj Dflarljf ti> chriMmu-bcm and Detr jrou'H^ll^b.mDQj^DonA'm 

fl 8nd uniong iha bscd icy nmnet ol «o\bwb. UOB *. 
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by reference to exieting vegetation. Some of the species, 

viyanum (Fig. 1 4), had their tninka travereed longitudinaUy by 
broftd ridgea separated hj 
narrow furrows. Along the 
summit of each ridge there 
nin a line of tuberciilee, set 
regularly at dietances vary- 
ing bum a third or a quarter 
(if an inch to close contact 
One may sometimes see no 
unfair representation of the 
hark of thiB ascient tree, 
when looking at a newly 
plougheil field in spring- 
time, having each of its broad 
ridgea dotted with a row of 
potato Backs. Other species, 
while exhibiting the same 
plan, diiTered not a, little in 
the details. In some the 
tuberciUea are round, in 
others angular, and in a third set double or kidney-shaped. 
In some they are far apart, in others they are strung together 
like a chain of beads. Sometimes they exist as mere BpeokB, 
while occasionally they broaden out so as to equal in widtll 
the ridge that supports them. One species {5. rftii/ormii), 
instead of the broad ridge and najrow flirrow, exhibits an 
Hirangement exactly the reverse. It looks not nnlike a cast of 
the species £rst described, save that it« broad ilat Autowb anp- 
port rows of much lai^r tubereules. The breast of a lady's 
chemisette, with a thick-set row of buttons down each pldt, 
would be somewhat like this species of aigillaria, with this 
ilifference, however, that the buttons on the plant were of a 
form that does not appear as yet to have come intfl fashiwi 
among the fair sex. Yet they had no little eleguice, and lika 
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mouy Dtlier objectB in tlte geological etoreliouse, might lie u useful 
model for our students of design. They were neither round nor 
iiuite oval, but rather of a kidney-shape, or Vike a double cherry. 

Tliere can be no doubt that these tubercules must once have ] 
supported leafleti They are true leaf-scars, like those on the I 
Scotch fir, and the lozenge-shaped Ifnoha on the bark of iepidu- 
dendron. But of the form of these leaves we are still in ( 
ignorance, for no part of the plant, save the stem and Toot», has 
yet been found. The eigillaria must have been a tre« that 
could not long withstand maceration, for not only are its lei 
gone, but, in many cases, the outer bark has x^^^tially or wholly 
decayed, ieaiing a scarcely distinguishable mass of carl)onized 
matter.^ Wheu this outer rind is peeled o^ the inner surface 
of the stem is Been to be ridged, furrowed, and tnberculed i 
the same way, but the markings are much less distinct than o 
the outside. The bark sometimes attains the thickness of an 
inch, and is always fount! as a layer of pure coal enveloping 
the stem where it stands erect, or lying as a flat cake without 
auycentral cylinder where the stem is prostrate. (Sec Fig. 14.) 

Another remarkable feature in this carboniferous plant is that 
it appears to have had no branches along its stem. Trunks have 
been found four and five feet in diameter, and have been traced 
to a distance of fifty, sixty, and even seventy feet, without any 
marks of branches being detected. Brungniart examined the 
portion of one stem, which, at its thicker end, had been broken 
across, but still measured a foot in breadth. It ran for forty 
feet along the gallery of a mine, narrowing to a width of not 
e than six inches, when it divided into two, each branch 




64 THE 8T0KY OF A BOULDEE. 

iiieiisuring about four inches across. The sigiUaria stems, ac- 
cordingly, must have shot up, slim and straight, to a height of 
sometimes seventy feet before they threw out a single branch. 
We know nothing of the coronal of these strangely-formed trees. 
From Brongniart's observations, it would seem that the upper 
]mrt of the stem, like that of the lepidodendron, was dichotomous, 
that is, it branched out into two minor stems ; but how these 
were disposed is unknown. We are wholly ignorant, too, of 
the foliage of these branches, though, from the general stnictore 
nf the plant, as well as from the nmnber of fem-fix>nds often 
found around the base of the stems, it has been conjectured 
that the sigillaria was cryptogamous, and, like the tree-ferns, 
supported a group of sweeping fronds. If so, it differed in many 
respects from every known member of the cryptogamic tribes. 

Putting together, then, all that we know of the exterior of 
the sigillaria, we find that it was a tall slender tree, with, palm- 
like, a clump of foliaged branches above, its stem bristling 
thickly, in at least its upper part, with spiky leaves, and its 
roots equally hirsute, shooting out to a distance of sometimes 
forty feet through the soft muddy soil. Future researches may 
bring us better acquainted with this ancient organism. In the 
meanwhile, enough of it is known to mark it out as one of the 
most ornate forms of vegetation that the world has ever seen. 

In addition to the above, the coal strata have yielded many 
other fragmentary remains, to which names have been given, 
but of which very little is known. It is pleasant, amid such a 
wide sea of doubt and uncertainty, to alight upon some well- 
known form of whose affinities there can be no question, since 
it still finds its representatives in living nature. Of such a 
kind are the coniferous stems occasionally met with in the sand- 
stones of the coal-measures. 

It is now many years since the operations of the quarryman 
in the carboniferous sandstones of Edinburgh and Newcastle 
disclosed the remains of huge gnarled trunks deeply imbedded 
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lock. The neighbourhood of the latter town yielded, in 
1829,1 tlie gtem of a trRe seventy-two feet long, without 
branuheB, but rougbened with numerous knobs, indicative of the 
places whence branches liad sprung. At Crnigleith, near Edin- 
burgh, a trunk thirty-six feet long, and three feet in diame- 
ter at the baae, was disinterred in the year 182C. Since 
then, several others have been found in the same neighbour- 
hood ; Bome of them sixty and even seventy feet in length, and 
ftom two to six in breadth, Thej were, for the most part, 
stripped of roots and branches, and lay at a greater or leas 
angle among the whit« sandstone beds, which they cut across 
iiUiquely, It was unknown for some time to what division of 
the vegetable kingdom tliese trunks should be referred. Their 
irregular branched surface and luidoubted bark indicated a 
higher kind of Btmctwe than that possessed by any of the 
other carboniferous plants ; but the conjecture remained im- 
verified until an ingenious and beautiful method was discovered 
of investigating their internal organization. Two Edinburgh 
geologists, Mr. Nichol and Mr. Witham, succeeded in obtaining 
slices of the plants suiiiciently transparent to be viewed imder 
the microscope by transmitted light, and in this way their true 
atructuro wsa readily perceived. The method of preparing these 
olgects was simply as follows :— A thin slice of the plant to be 
studied was cut by the lapidary, or detached by the hammer. 
One side having been ground down smooth, and polished, was 
cemented by Canada balsam to a piece of plate-glass, and the 
upper surfai* was then ground down and polished in like 
manner, so as to leave the slice no thicker than cartridge- 
paper.^ When the preparation was then placed under a magni- 
fying power, the minute cells and woody fibre of the plant 
could be detected as clearly as those of a recent tree. The 
Craigleith fossils were in this way recognised as belonging to 

t. yesuL p. 31. 
taditaillWldtHilplInn nf Oie prirew, lee WlihunV V'uii. V(c|.l.f.^. 
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the great coniferous family, and to that ancient^ divirion of it 
which in, at the present day, represented by the pine of Norfdk 
Island — '' a noble araucarian, which rears its proad head frran 
160 to 200 feet over the soil, and exhibits a green and 
luxuriant breadth of foliage rare among the coniferae.**^ Some 
of these plants have yielded &int traces of the annual rings 
shown so markedly in the cross section of our common forest- 
trees ; whence it would appear, that even as far back as the 
times of the coal-measures, there were seasons of alternate heat 
and cold, though probably less defined than now. 

These coniferous trees do not appear to occur among the 
erect stems of the coal-beds, at least they are very rare in sach 
a position. Their more usual appearance is that of drifted, 
branchless trunks, imbedded along with other fragmentary 
plants in deep strata of sandstone. They probably grew on 
liigher ground than the swamps which supported the sigillarise 
and their allies, and might have been carried down by streams, 
freighted out to sea, and so deposited among the sediment that 
was gathering at the bottom. 

The remains of cycadaceous plants have been described among 
the vegetation of the coal-measures ; but only fragments have 
as yet been found. The modem Cycadece are low shrubs or 
trees, with thick stems of nearly uniform breadth, crowned 
with a dense climip of spreading fronds which resemble both 
those of the palms and the ferns. They are natives of the 
warmer regions of both hemispheres. 

So long ago as the year 1835, Dr. lindley figured a 
flower-like plant, to which he gave the name of AntholUes, 
ranking it among the Bromeliacecey or pine -apple group. 
It was afterwards suspected by Dr. Hooker to belong rather 
to the coniferse ; and he supposed that the so-called flowerets 

^ The solitary lignite of the Lower Old Red Sandstone, seems to hare been arau- 
carian. — Miller's Footprintf of the Creator, p. 208. 
2 Footprintt of the Creator, p. 192. 
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might be really tufta of yonng unespanded leaves. An 
examinatioa of a more perfect specimen, however, has in- 
tluced that distiuguished botanist to alter hia convictions and 
return to the original decision of Lindley, 
that the antholites are really flowers.^ In 
Fig. 13, therefore, whicli represents one of 
these cool-measure fossils, the reader beholds 
the oldest flower that has yet been found ; 
and surely it is of no littie interest to know, 
that amid the rank, steaming forests of the 
Carboniferous era, with all their darknesB and 
glouui, there were at least some flowers — 
flowers, too, that were aUied to still hving 
foims, and breathed out a rich aromatit: 
fragrance. 

In fine, from all the genera and species of 
Fig. is.— Aothoiiira. piants that have been detected in the strata 
of the cooI-tneaaureB, it would appear that 
the flora of that ancient jieriod was in a high degree nn-o- 
(lenout — that is to say, couBisted in great measure of ferns, 
club-mosses, and other members of the great group of plants 
known as acrogtnt. This word literally means tnp-ffimvers, and 
is applied to those plants which increase in height, hut not in 
width, since they attain at first nearly their ultimate diameter. 
Such plants occupy a low position in the botanical scale. 
Mingled with the numerous genera of carboniferous ferns anii 
club-mosses, we find the remains of a much higher grade of 
vegetation— that of the ffpnnoffetis, or plants that bear naked 
aeeda — such as the firs and pines, There also seem to have 
been a few endoffenout flowering plants. Viewing, then, this flora 
uD the whole, it presents us with many striking resemblances to 
certain botanical regions of the present day, Many of the tropica! 
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islands abound in ferns, and contain very few flowering plants. 
But New Zealand affords perhaps the closest parallel That 
island is in certain parts highly mountainous, its loftiest sum- 
mits being covered with glaciers. The hills throughout large 
districts are bare, or covered with a scanty herbage, while in 
other localities they are densely clothed with forests of pine, 
beech, and other trees. These forests sweep on to the lower 
grounds, where they are replaced by a thick growth of fern and 
flax-plant intermingled with dragon-trees and graceful tree-ferns, 
while the more swampy regions support a rich profusion of 
reeds and rushes. Such a condition of things affords a close 
parallel to the probable vegetation of the Carboniferous period 
— an immense preponderance of ferns and arborescent acrogens, 
with an intermixture of large coniferous trees. From the 
general scantiness of a flora where ferns predominate, it has 
been argued that the swamps of the coal-measures nourished a 
luxuriant repetition of comparatively few species ; and this 
hypothesis also receives confirmation from the vegetation of 
New Zealand. Another deduction founded on the resemblance 
of the ancient to the modem flora, refers to the conditions of 
heat and moisture. It has been inferred that the climate 
of the coal period was equable and humid, like that of New 
Zealand — a supposition much more natural and simple than 
that, once so much in vogue, of a heated atmosphere densely 
charged with carbonic acid gas. That the air of the Car- 
boniferous period differed in no material respect from the air 
of the present day, seems at last proved by the remains of 
air-breathing animals having been found among the coal-beds ; 
and there seems no reason why the higher mountain-tops of the 
same epoch may not have been clothed with glaciers as those 
of New Zealand are. As yet we have no evidence of the fact, 
but it is by no means beyond the possibility of proof.^ 

I See Professor Bamsay's suggestive Memoir on PerroiRn Breccias in Quarterlp Journal 
of the Ge^>logical Society, vol. xi. p. 185. 
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The forma of v^tation that flciuriahed during the Carboni- 
feroiu era seem to have been in large meaaure marshy plants, 
hixuriating on low muddj ddta-lands, like the cypresa-Bwamps 
of the MiaHiasippi, or the SiinderlDUBda of the Ganges. 
can pictiire but faintly the general scenery of these old forests 
from the broken and carbonized remainB that have come down 
t« Bs. But thun^ perhapa somewhat monutonoiia on the 
whole, it must have been eminently beautiful in detail The 
NgilUriie raised their sculptured stems and lofty waving wreatha 
of fronds high over the more swampy grounda, while a thick 
underwood of ferns aud star-leaved nsterophyllites clustered amid 
the diade below. The lepidodendra shot forth their spiky 
Iffanchea from the margin uf green ialeta, and dropped their 
uatkina into the sluggish water that stole on among the dimpled 
shadows undemeatL Tree-fcma spread out their broad pendant 
fronds, and wrapt the ground below in an almost twilight glo( 
ir and deefffir far than that 
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which rose so often in the visionA of Milton ; or that <' graceful 
arch " so ex<iui8itely sung by Cowper, beneath which 

" The chequered earth teems reitleM aa a flood 
Brushed by the wind. So sportiye is the Ught 
Shot through the boughs, it dances as they dance. 
Shadow and sunshine intermingling quick. 
And darkening and enlightening, as the leares 
Play wanton, every moment, OTery spot." 

Thickets of tall reeds rose out of the water, with stems massive 
as those of our forest-trees, encircled at regular distances by 
wreaths of pointed leaflets, and bearing on their sunmiits club- 
like catkins. Far away, the distant hills lay shaggy with pine- 
woods, and nursed in their solitudes the springs and rivulets 
that worked a devious course through forest, and glen, and 
valley, until, united into one broad river, they crept tjirough the 
rich foliage of the delta and finally passed away out to sea, 
l)earing with them a varied burden of drift-wood, pine-trees 
from the hills, and stray leaves and cones from the lower 
grounds. 

How different such a scene from that now presented by the 
very same areas of country ! These old delta lands are now our 
coal-fields, and have exchanged the deep stillness of primeval 
nature for the din and turmoil of modem mining districts. In 
these ancient times, not only was man uncreated, but the earth 
as yet lacked all the higher types of vertebrated being. None 
of the animals that we see aroimd us existed then ; there were 
no sheep, nor oxen, horses, deer, nor dogs. Neither were the 
quadrupeds of other lands represented ; the forests nourished 
no lions or tigers, no wolves or bears, no opossums or kangaroos. 
In truth, the land must have been a very silent one, for we 
know as yet of no animated existence that could break the 
stillness, save perchance some chirping grasshopper, or droning 
beetle, or quivering dragon-fly. No bee hummed along on errands 
of industry ; it is doubtful, indeed, whether honey-yielding 



THE STORY OF A BOULDEE. 6t 



flowws t'ormi'd purt of the carboniferous Hora ; no lark ca 
blithely in the sky, nor ruok nroaked among the woods. 
was etill ; and one might, periiaps, have stood on eome of those 
tree-crested ielets, and heard no sound but the rippling of the 
water along the reedy and sedgy banks, and the rustlmg of the 
gloomy branches overhead. 

To one who muses on these bygone ages it is no unimpressive 
utuation to stand in the midst of a large coal district and mark 
its smoking chimneys, clanking engines, and screaming locomo- 
tires, its squalid villages and still more squalid inhabitants, and 
ita mingled air of commercial activity, physical wretehedness, 
and moral degradation. It is irom such a point of view that 
we receive the moat forcible illustration of those great changes 
whereof every country has been the scene, and which are so 
tersely expresaed by one who has gazed on the revelations of 
geology with the eye of B true poet — 
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But the lifelessness of the carboniferous forests was amply 
compensated by the activity that reigned in rivei', lagoon, and 
sea. Coral groves gleamed white beneath the waves, fishes of 
many a shape disported in stream and lake, and tlie bulkier 
fonns, armed in maasive plates of bone, ascended the rivers or 
haunted the deeper recesses of the open sea. In some beda 
of rock the remains of these various animals lie crowded 
together like drifted tjmgle on the sea-shore, and the whole 
reminds us of a vast cemetery or charnel-house. The bones lie 
at all angles, ajany of them broken and disjointed as though 
the owner had died at a distance, and his remains, sa^lly muti- 
lated on the way, had been borne to their last resting-place by 
the shifting currents ; others lie all in place, covered with 
armature of stales, as though the creature, coTVKc\o\a o^ w^t*^ 
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fireHftQtin^ no trace of internal L-r^timzation. &it ihe tribes uf 
the aninial kingdom have, fcr the mo^t [jart. kvrder frameworks. 
The minuU; infuifiria, whi<:h Vn- their accumulated remains help 
to choke up tlie delta of the Nile, and swarm by millions in 
f;very rK^;an of the i;lolx;, have their siliclous or calcareous shells 
m iniaute that Khrenljcrj^ has estimated a cubic inch of tripoU 
to contain forty-one thousand millions of them. The ix>lypi 
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have tlieir iutcrual ualcareous skeletoDB, which abuimd iti nil the 
older limestoutis, and fnrm the Rural reefe of the pi-eseut daj. 
The molluBca, too, though, as Iheir name imports, they have 
peiishable bodiea, are yet, in most casee, furnished with hard 
calcareous sheik, that indicate hy their various modifications nf 
form and atruetore, the character of the animal that lived witiiin 
them. They are found in all the formations from the earhest 
upwards, and as they vastly exceed in numberB all the other 
elaaaee with which the geoiogiat Itaa to deal, they form the 
larger part of that Wis of evidence from which he interprets 
the past histoty of organized existence. Hugh Miller loved to 
feof tliem as the " shell alphabet," out of which the language 
lontological history should be compiled. The vertebrata, 
$aU have their hard skeletons, easily capable uf preservation, 
1 the form uf the maaaive exo-skeletou of bone 
that characterized the older gsnoidal fishes, or the compact 
endo-akeleton of the reptiles and mammals. A greater amount 
of attention is, therefore, due to the study of fossil animals, 
since they thus not only far esceed fossil plants in number, 
but possess a higher value aa evidence of ancient physical con- 
ditions. 

The fauna of the Carboniferous system is a very numerous 
one, exhibiting specimens of almost every class of animal life, 
from the tiny foraminifei- up to the massive bone-covered 
saunndAl fish, and even to occasional traces of true reptilian 
remains. By fur the larger number are peculiar to the sea, 
such as the molluscan tribes and corals ; others are undoubtedly 
terrestrioi organisms, such aa the wings and wing-sheaths of 
several kinds of insects ; while some appear to he (leculiar to 
freeh or brackish water, such as shells allied to i 
rive^mua8el, and minute crustaceous animals known as eyprida, 
J^riiich we have still representativea in our ponds and ditchea 
^^^bphdn, then, that if we rightly ascertain the class or family; 
! of these fossils belonged, we shall obtain 
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to the. history of the physical geography, during Carboniferous 
times, of the district in which the fossil occurs. A bed of unios 
will tell us of old rivers and lakes that spread out their blue 
waters where now, perchance, there lie waving fields of com. 
A bed of corals and stone-lilies will lay before us the bottom 
of an ancient ocean that rolled its restless waves where to-day, 
perhaps, the quarryman plies his task amid the gloom of dark 
pine-woods. In short, these organic remains are to the history 
of the earth what ancient monuments are to the history of man. 
They enable us to trace out the varied changes of our planet 
and its inhabitants down to the human era^ just as the wooden 
canoe, the flint arrow-head, the stone coffin, the bronze sword, 
the iron cuirass, the ruined abbey, and the feudal castle, teach 
us the successive stages of progress in the history of our own 
(jountry. 

Whoever has spent a few days on some rocky coast, must 
have noticed adhering to half-tide stones nunerous solitary 
actinias. Arrayed in all the colours of the rainbow — purple, 
green, and gold — these little creatures hang out their tentades 
like so many flowers, and have hence received the popular name 
of sea-anemones. Their internal structure is no less beautiful 
They resemble so many large plump gooseberries, and consist 
of a little sack suspended within a larger one. The outer sack is 
fringed along its upper edges with one or more rows of slim hol- 
low tentacles, which diverge outwards like the petals of the daisy, 
and can be contracted at pleasure so as somewhat to resemble the 
daisy when folded up at sunset. The inner sack, which forms 
the stomach of the animal, has a short opening or gullet, at the 
upper part of which i6 the mouth lying in the centre of the cavity 
surrounded by the fringes of tentacles. The inner sack is con- 
nected with the outer by means of thin membranes, like bo many 
partition-walls, which radiate inwards like spokes towards the 
axle of a wheel. The space between each of these membranes, 
or lamellse, forms an independent chamber, but it has a com- 
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municatiuit with those on either side by a winilow in each wjill, 

and further opens upwards intn the hollow tentacles, which, 

with minute orifices at their outer points, maj be compared tn 

•AdmneyB. These chambers form the breathing apparatus of the 

little creature, Sea-water pii^aes down through the tentacle 

into the hollow chamber below, whence, by the constant action 

of minute hairlike cilia that line the walls like tapestry, it ii 

driven through the window into the next chamber, thence into 

the next, and so on, passing gradually through the tentacles . 

back to the sea. 

I The actmite are of a soft perishable substance, but mimy o 

K^teiOtbcr Anthotoa, or llower-like animals, have hard calcareous 

^^^Bttona. Of mch a kind are the polypi that is the Pacific 

^^^Bh have raised those stupendous ree^ and islands of coral. 

^^^BueS not appear that, during the Carboniferous period, there 

I fodsted any reef-buildiog zoophytes, but some oif the most 

abundant forms of life belonged to a kindred tribe, and are 

known by the name of Cyatkopht/llkfte, or cup-corals. 

As the name imports, the typical genus has a general cup- 
shaped form, but this is liable to many aberrations in the 
cognate genera. The younger specimens of one species (C^ath- 
npng fungita) have a curved outline somewhat hke the bowl 
of a tobacco-pipe, whence the qnanymen know them as pipe- 
^cU. The older individuahi are generaUy more or lees wrinkle<l 
and twisted, sometimes reaching a length of eight or nine indies, 
and have been named by the workmen rams'-homs. 

The annexed figure (Fig. 1(1) shows their general appearance J 
and structure. The lower end was fixed to the rock like the J 
tiat sacker'like <lisc of the actinia. Around the outer margin I 
there diverged one or more rows of sUm tentacles, hollow, soft, \ 
and retractile, like those of the actinia. From the margin W 
the centre there radiated more than a hundred lamcllie, but \ 
these differed from the corresponding membranes of the modem I 
unimaJ, inasmuch as they were strengthened intisnta^Ii'j \(3 i 
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f ■keletOD of hasd cftrboiiatv nf lioie ; aoA tu this difference we uwc 
I Bieir preservation. They stnnd owt in high relief upon weathereH 
specimens, showing the 
long, narrow chambeni 
that ran between them. 
Tlieir walls were one* 
dimbtlesa hung witli 
liountlfsa vibratile dHit, 
and perhaps xoeroed eMh 
with its winduw, througli 
which the currents of 
water passed in their 
<'eaaele«s progresa to and 
from the sea. At the 
centre lay tiie mouth, 
liomrauni eating by a 
short gullet with the 
stomach, whieh occupied 
the centra! portion of the 
animal, and from the 
outer walls of which the 
InnielUe diverged like so many buttresses. In its youngesl 
stages, tlie anima! occupied the whole length of the cup, hot, 
aa it increased in size, it gradualiy retreated from the narrow 
tiud, which was then divided off by a thm calcareous mem- 
brane. At each succesflive stage of ite growth, a new mem- 
brane was added, each further and tiirther from the lower 
end, so that eventually the creature left l)elow it a series of 
empty chaiubers all firmly built up. Thus, in a spadmeo 
sis cir eight inches long, there would in reslity only bo a uiuU 
part tenauted— in fact merely the upper floor— -all the lomt 
storeys remaining silent and uninhabited. The house C^ tiiu 
old-world architect differed widely in one respect from 
dweUings. Han begins his basi'ment i^tory of the same ditnen- 
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aioiia as tliusc tbftt nre to siiccued it, or, if any ditTKreDue is 
made at all, the upper Hoots are built each luas ttiau tlio uut; 
below it, su that tlie "whole BtructurB tapecs upward to a point, 
ns in the Pyramids. Bat the cyathopaifi reversed this latter 
process ; it inverted the cone, cuiamencing the smallest cham- 
her at the bottom, and placing the widest at the top. Indeed, 
one is sometimoa puzstled to uonjeneure how so buUcy a boildini; 
could be seuurely poised on so narrow a basis, and it is cei- 
tainly difiicult to see how the creature could move about witJi 
euch a ponderous load to drag along. The snail carriea hU 
house on Ills back, yet it is a slim structure at the best ; but 
the cufi-coral must not merely have carriml his housf, but some 
tioxea or two of old ones strung one after another to his tail. 
Praliaps, though free to more about aud try change of resideuei- 
in its youthful days, the creature gradually settled down in life, 
asd took up its permanent abode in some favourite retreat, ihr 
more especially as in process of time it became what we should 

I cftll a very respectable householiler. 

Allied tu the cynthopaia is another and still wore beautiful 
coni, described so long ago as the latter part of the aeveti- 
taenth century hy the Welsh antiquary and naturalist, Lhwyd, 
under the name of LH/iostivtioit. Although many perfect 
specimens of it liave been found, and it is usually as well pre- 
served as any of its congenera, men of science have been sadly 
at a loss wliat to call it. Four or five synonyms may be found 
aj^lied to it in different works on jnlEcontology. There seeuis 
now, however, a tendency to relura to the name that old 
liiwyd gave it two centuries agn ; the family to whiii it 

' balongB, and of which it is the type, has accordingly been 
tcnned the Lithu»trotumid<B, and tie species in question Litlm- 
Urotion ttriatuTa (Fig. 17). It diD'erod from the cyathopsis in 
several respects, but chiefly in this, that it lived in little con- 
gregated groups or colonies, whereaa the cyathopsia, like utii 
own actinia, dwelt alone. 
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Each of these oiilnnies waa fonned of & phiater nf liesagonal, 
» raihen potj'gonal pillars, fitting closelj iuto each other, lilie 
the basaltic cuiiunRSofFingai'e Cave, and 
epringisg from a cummon base at the s» 
bottom.^ Each pillar cunBtitut«d fbe 
abode of a single tuiiniEJ, nod Tcsemhleil 
genendJy the etalk of the cyathopeie. It 
had the same minute diverging partitions 
running from the outer walla towards Itw 
reatre, and the same tliiu diaphragniEi, 
which, Btreti'hing horizontally across tiie 
interior of the column at short interval^ 
marked the successive stages of the aiii- 
mtd's growth. Within these partition^ 
which vaiy from forty to eighty in nam- 
ber, there runs an inner circular tube 
with thin lamellte and diaphragma. Tiie 
exterior of the columns is ribbed longitudinally by a set of lonj; 
fine strise, which give somewhat the appearance of the finting 
on a Corinthian pillar. The columns, moreover, are not strught, 
but have an irregidar, wrinkled outline, bo that, by a slant light, 
they look like some old pillar formed of many layers of stone, 
the joints of which have wasted away, producing an undulating 
profile in place of the original even one. But in these ancient 
coral columns there is no blunted outline, no worn hollow ; 
the sculpturing stands out as sharp and fresh, and the wavy 
ourvea as clearly defined, as though the creature had died but 
yesterday. They reeemble no order of human architecture 
save faintly, perhaps, some of the wavy outlines of the Arabesque. 
Despite all the improvements and inventions of modem 
times, classic architecture has nia<le no progress since the daya 
of Pericles, All that we do now is but to reproduce what the 
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Greeks created 2000 years ago, aud he is reekcined the beat I 
architect who furtiishea the brat imitiition. Our architects 
might find some UBcftil hints, however, by studying the lowlier 
orders of nature. They would aee there imttema of beauty far 
more delicate than the Grecian capital, and more light and airy 
than the Gothic ehatt. And whether or not they could found 
a new order of architecture, they ouuld not fail to discover 

J modi£cations and improveuienta upon some of the old. 

r could not readily light upon a more graceful form than 
j|-of the Hthoatrotiojj, would they but picture it as it grew at 
felwttom of the old carboniferoua sea. A group of hexa- 

1 pillarB, firmly compacted together like those of the Giant's 
ay, or Fingal's Cave, rose from a white calcareous pedi- 
s columns from the marble steps of an Athenian temple. 

h aide of the plUar hod a wavy undulating sur&ce, delicately 
Anted by long slender strite, the whole being ho arranged that 
the convexities of one surface fitted into the sinuosities of the 
adhering one. Each pillar was crowned above by a capital, 
consisting of the soft vibratile tentacles of the animal, that hung 
over like so maay acanthus leaves. Uf the form of these 
tfiutacles, their design and grouping, we know nothbg save 
what may be gathered from the analogy of living corals. There 
can be little doubt, however, that, like the flower-shuped buds ' i 
of the existing reef-building polyps, they must liave been ena- | 
nently beautiful, and in strict keeping with the graceful cotuum I 
which they crowned. 

Another kindred form was that known as the lUItodendron. \ 
It, too, grew in colonies, and aeema to have closely resembled I 
the last, save that the pillars, in place of being six-sided, were^ 
round. I have seen a bed of these corals several yarda ut J 
extent, and seven or eight inches deep, where the individuala J 
were closely crowded together, so as to resemble a aeries c 
tobacco-pipe stems, or sUm pencils set on end. The tube 
however, were not all quite strftight ; many bMog mwfc «tV 
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(un-ed, and soinotiines crossing their neighbours obliquely. The 
internal arrang<*nient was on the same plan as in the two pre- 
vious corals. The same numerous partitions ran from the 
exterior wall towards the central tube, the same thick-set dia- 
phragms crossed the entire breadth of the column, imparting 
the same minute honey-combed appearance to a cross section. 
The exterior of the column (in L. fasciadatvm) was likewise 
traversed by the same longitudinal stria). 

Both these corals seem to have been jUstparous, that is to 
say, they j)ropagated by splitting into two parts, each of which 
formed the base of a new column witli a new animal. The evi- 
dence for this statement rests on the fact, that many of the tubes 
are seen to bifurcate in their course, so that two new tubes 
are produced equal in size and completeness to the old one from 
which they proceed. Another mode of generation which, in at 
least its earlier stages, woidd produce a somewhat similar appear- 
ance is called gemm/ttion^ and consists in the protrusion of a bud 
or gemmule from the side of the animal, which shortly develops 
into a new and perfect individimL It is prol>able, however, that 
the ordinary mode of propagation among these old corals was the 
usual one by impregnated ova. These ova, like those of onr sea- 
anemones, were probably generated within the partitions, between 
the central stomach and the outer wall, whence they passed down 
into the stomach, and were ejected by the mouth of the parent 
as little gemmules, furnished with the power of locomotion by 
means of vibratile cilia. Some of the Medusa family possess 
this three-fold mode of propagation ; but, in all, the last-men- 
tioned is the most usual. 

Has the reader ever stretched himself along the shore, while, 
perhaps, a July sun blazed overhead, and a fitfid breeze came 
over the sea, just strong enough to chase ashore an endless 
series of rippling wavelets, and breathe over his temples a 
delicious and refreshing coolness ? Thus placed, and gazing 
dreamily now, perchance, at the distant sails like white specks 
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iilong tlie Vionndiiry line uf eea anil sky ; iiow nt the giilla 
ivLeeling in broad circles through the air, and shtjoting swift 
as arrows down into the blue water, he must often liave turned 
tu look for a little at the sand whinh, lica]>ed up in little monnds 
around him, Ibnned a coucli well-nigh as soft as the finest 
ilown. Many a varied fragmonC entered into the cumpoeition 
(if t^at SHQiL Mingled among the minuter quartzy particles 
lay Bcorea of shells, some with the colour not yet faded, and the 
valves still together — the delicate tellina, with its polished sur- 
face, and its flush of pink ; the cardiuni with its strong whit« 
plaited sides, and the turrit«lla with its cireling spire ; some 
were worn dowu and sorely effaced, others broken into frag- 
ments by the ceaseless grinding of tJie waves. It was pleasant 
labour in such a sultry noon to pick out the shells of one species 
in all stages of decay. The Trochm lineatue, or Silver Willie, 
na young ramblers by the seorshore love to call it, sboweil 
well the process of destnietion. The perfect shell, cast ashore, 
perhaps, by the last storm, anil still uuiijjured by the tides, 
displayed its russet epidermis, or outer skin, covered with 
fine brown zig-zag lines, running across the whoria from the 
nreatuve's wide pearl-lined month to the apes. A second shell 
exhibited a siuface that had begun to suffer ; the point had 
been divested of its thin outer skin, and laid bare the silvery 
coating of pearl below. A third had undergone a still longer 
period of abrasion, for the whole of the epidermis was gone, and 
the surface gleamed with a pearly iridescence. In yet a fourth, 
this bright exterior had been in Iruge measure worn away, and 
the blunted, rounded shell displayed the dull white calcareous 
substance of which it was mainly built up. Eut there wore 
other objects of interest in the sand : bits of tangle, crusted 
over with a fine net-work of gauze, and fragments of thin 
iMsf-like membrane, consisting of a suuilar slender net-work 
known popularly as the sea-7nat, occasionally turned up 
among the pebbles and shells. No one who met with these j 
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organisms fur the first time could fail to be struck with tiie 
t'xtreme delicacy of finish, if one may so speak, that chanc- 
terizes them. And yet he might be puzzled to know what to 
make of them. The leaf-like membrane, at a first glance, looks 
not unlike some of tlie flat-leaved alg», and such the observer 
might readily take them to be. Such, too, they were long 
regarded by naturalists ; but a more careful examination of 
them showed that the so-called plants really belonged to the 
animal kingdom, and that the supposed leaves were, in truth, 
the organic dwelling-places of minute zoophytes, of which many 
liundreds lay grouped together on every square inch. For 
many years these little creatures were called " celliferous coral- 
lines." and classed among the polypi, that great tribe which hss 
its representatives in every ocean, from the coral reefe of the 
Pacific to the little bell-shaped hydra amid the tangle of our 
own seas. But the microscope — that lamp which lights us into 
the inner recesses of nature — ^revealed at last their true charac- 
ter. Fixed to one spot, living in communities, and exceedin^y 
minute, in short, with many of the outward features of the 
tme corallines, they were yet found to possess a structure so 
complex and highly organized, as to entitle them to rank among 
the higher tribes of the invertebrate animals, and they are now 
accordingly pretty generally subjoined to the moUusca, under 
the name of Bryozoa. 

Each bryozoon consists externally of a single homy or calca- 
reous cell, sometimes furnished with a valve-like lid that folds 
down when the animal withdraws itself. When danger is 
past, and the creature begins again to emerge, the upper parts, 
which were drawn in^ like the inverted finger of a glove, are 
pushed out until a series of tentacles, covered with minute hair- 
like bodies, called cilia, are expanded. The vibratile motion of 
these cilia causes a constant current in the direction of the 
mouth, which lies in the centre of the hollow whence the ten- 
tacles spring ; animalcules are in this way brought in rapid sue- 
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f^eaaiitii within reach of the mouth, and form a nuver-failing 
source of nourishment. The interior is greatly more complex 
than that of the polypi. The stomach is connected above with 
a cavity like the gizzard of a. bird, furnished with pointed sidtH, 
which serve to triturate the food hefore it passes into the 
stomach. There is also a distinct intestine. The muscular 
action for the expansion and retraction of the animal is liighly 
developed, and the generative system is a greatly more complex 
one tbia that of the polyps alreatiy referred to. In short, how- 
ever clMely they might be thought to resemble the ooraJs iu 
outward form, their inteninl structure undoubtedly links them 
with a much higher type of organization, and justices the natu- 
lalist in subjoining them aa a auL-order to the muUiisca. 

The cells are grouped at short intervals along a homy or calca- 
reous substance, that sometimes encrusts seaweed, or spreads out 
as a flat leaf-like membi'ane, or rifies into cup-shaped or dendritic 
forma. A series of cells comttitutiug a separate and independent 
colony, is termed a polypidom. The cells are further connected to- 
gether by an eKtemal jelly-like integument, in which they are sunk, 
and which serves to secrete the calcareous particles from the sea. 

It is interesting to know that creatures so miuute and yet so 
complexly organized, existed abundantly in the seas of the Car- 
honiferoui period. No lesa than fifty-four species are euume- 
luted as having been obtained trom the carboniferous strata of 
the British Islands, and scarcely a year passes without one or 
two new species being added to the list. The most frequent 
belong to the genua Feneetella, or little window, a name indica- 
tive of the reticulated grouping of the branches like the wooden 
framework of a window. Each of thette branches, or interstices, 
ns tliey are called, was more or less straight, being connected 
with that on either side by a row of trnnsveree bars, just as the 
central mulliou of an abbey window is connected with the flank- 
ing ones by meaue of cross-bars of Bton& Not uufrequently 
some of the branches subdivide into two, aa we bkw \a *(« * 
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c.«ae among the cn|»-coralB. Fig. 18 iUuBtmtee the relative 
(lispodtion of these branches. In a, the natural dze of tiie 
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fossil ia given ; 6 is a portion of the same magnified, to show 
the form and arrangement of the ribe and crosa-hars. Eadi 
rib is seen to have two sides separated bj a rounded ridge. 
Along each side there runs a row of circular hollows or cells, 
every one of which once formed the abode of a distinct biyo- 
Koon. The back or inner surface of the branch, was ribbed and 
granulated irregtUarly, without any cells. The connecting bars 
or diaaepiments have no cells, and served merely to bind the 
interstices together into one firm organically-united jwlypidom. 
Such fragments as that here figured are the most usual traces 
to be found of these animals among the carboniferous rocke. 
But perfect specimena are sometimes met with which show how 
delicate and graceful a structure the polypidom of some of tbe 
fenestelliB must have been. All these bars sprung from a com- 
mon point as their basis, and rose up in the form of a cup. It 
was, in short, a cup of network, hung with waving tentacles 
and quivering cilia. I have seen some diasectiona of fiowere 
in which all the softer tissue hod been removed, so as to pre- 
sent only the harder veinings of the leaves with their thouaaad 
ramifications bleached to a delicate whiteneaa. Out of theae 
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boii-ieavea there were formed groups of lilies, erocusca, 
;;eraiiiuiiis, and roses, like patterns of the finest gauee, Some 
of the larger-ateiniDetl leaves that had been artistically muulded 
into A tulip form, seemed oot inaptly to represent the general 
i-'jutour of the skeleton of the old carboniferous fenestella. 

^ allied form is called tlie Retepoi-a. It differed from the 
previous orgaaism m having the ribs not straight, but irregu- 
larly anastomoaing, that is, running into and coalescing with 
f-ach other, so as to form a close network with oval interspaces, 
like a piece of very minute wire-fence. Eiwih of these wavy 
ribs was completely covered over on one side with oval pores or 
Wlls, which, as in the fenestella, formed the abode of the living 
iinimals. The differences in organization between the animal 
i>f fenestella and that of retepora can, of course, only be mutter 
i>f speculation. The general structure in both must, however, 
have been pretty nuieh alike. The former genus is now no 
longer extant, but the latter, which was ushered into the world 
during the era of the Old Red Standstone, still Uvea in the 
deeper recesses of the ocean, ^id manifests in its structure and 
habits the leading oharaoteristics of bryoKoan life. 

What rambler among old iimtMpiarries is not familiar with 
the fitone-lily, so abundant au organism in most of the Palffinzoic 
and many of the Secondary limestones 1 In some beds of the 
[carboniferous limestone its abundance is almost incredible- t 
hare seen a weathered clifT in which its remains stood out in 
bold relief, crowded together, to use an exjiression of Dr. Buck- 
limd's, " as thickly as straws in a com-rick." The joints of 
this animal, known now aa entrochi or wheel-stones, forced 
themselvea on the notice of men during even the middle age«, 
and nn explanation was soon found for their existence. From 
tbdr occurring largely about the coast at Holy Island, they 
^*me Bet down aa tlie worlanauship of Saint Cuthbert. 
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Tlie aged saiat was represented as emploTing his ni^ts in this 
highly inteUectuol task, sitting on a lone rock out in the sea, 
and using an at^acent one as hi« anvil. 

" Snoli UIh Ud Wbitti;'! flilwn MU, 
AndvldtlMj mkfht hlfl jhkp« b«ha1d. 

Bhd but, jhDd hurd, wben E^bflriog norm 
And night ven dodng nntnd-" 

But these wheel-stones were not the only geological curiosdtiw 
to which this simple mode of explanation was applied. In the 
same storied neighbourhood there occur in considerable numbers 
the round whorled shells of the genus Amnumiia. These wen 
gravely set down as petrified snakes wanting the head, and 
their petrifaction and decapitation were alike reverently ascribed 
to the power of the sainted abbess of Whitby. 

"ThejloW 



WlwD boljr Hilda pnr«d- 

The stone-lily belonged to that large class of animals rtuiked 

f together as EehinodeftruUa, a name 

taken from one of the leading subdivi- 
sions of the group — the Echini or sea- 
urchins. It seems to have been one of 
the earliest forms of life upon our 
planet, ite disjointed stalks occurring 
^g- largely in some of the oldest Silurian 
^g {, limestones. lu the Secondary ages it 
^S began gradually to wane, until at the 
present day its numerous genera ^pear 
dEfe ,. to be represented by but the comatvla 
^^ . and the pentacrinite, two tiny forms 
Fro. 19. —a, cjmbociiniuM that float their jointed arms in the pro- 
■idi Mitorm joint*, c. fouuder depths of the sea. 
smBie Joint, or wheenwrn. ^ jj^ name ifflporte, the stone-lily 
i>r eDcnnite had a plant-like form. It consisted of a long stalk 
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lixed by the lower end to the sea-bottom, and siiiiporting ahova 
a, lily-ehaped cup, in which ■were placed the mouth and 
stomach (Fig. 1 9 a). The stalk cousisted of circular platea (some 
of them not ao thick as a sixpence), haviJig their flat aides 
rovered with a get of minute ribs radiating from the centre, 
and BO arranged that the prominent linee of one Joint fitted 
into correaponding depressed lines uf tiie adhering ones. The 
centre of each joint was pierced by a small aperture, like the 
axle of a wheel, which, when the stem was entire, formed 
part of the long tube or canal that traversed the centre of the 
stem, and served to convey aliment to the remotest part of the 
animal. Detached joints have thus a wheel-like appearam 
(Fig 19 e), and lience their common name of wheel-stones, 1 
many species they were not all of the same diameter, but alter- 
nately larger and smaller, as if the stem had been made up of a tall 
pile of siipences and threepenny pieces in alternal* succession. 
Thia variation gives & remarkably elegant contour to the stalk. 
The flower-ehaped cup consisted of a cavity formed of geometric 
c-alcareous plates, and fringed along its upper margin with thick 
calcareous arms, live or ten in number, that subdivided into 
slender branches, which were fringed along their 
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inner side with minute c. 
iovrever fine, were mnde up o 
t that every stone-lily c 



inner side with minut« cirri or feelers. All these subdivisions, 
of calcareous joints like the stalk, 
isted of many thousand pieces, each 
perfect in its organization and delicate in its sculpturing. One 
epeeiea peculiar to the Liaaaic formation {Matracrinus Sriarem) 
has been calculated to contain one hundred and fifty thousand 
joints 1 

The efiect of this minute subdivision was to impart the most 
perfect flexibility to even the smallest pinnule. The flower 
could instantly collapse, and thus the animals on which the 
I enerinite preyed were seized and hurried to the central mouth. 

The lower part of the cap, or petait, as it is called, contained J 
I the stomach and other viscera, and communicated -«\t\:i ^}b%| 
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most distant part of the body by the central alimentary 
(.'anal. 

But while this continued the general type on which the 
eiicrinites were constructed, it received many minor modifica- 
tions. These were effected chiefly on the form and arrange- 
ment of the cup-shaped body and its appendages, and form now 
the basis of our classification into genera and species. Thus, 
in the genus known as riatycrinus, the lower part of the cup 
consists of two rows of large hexagonal or polygonal plates 
fitting closely into each other, while the upper part rises into a 
dome-like elevation formed of smaller polygonal plates, which 
have often a mammillated exterior. Tlie arms sprang from the 
widest part of the body where the large pieces of the lower cup 
were succeeded by the small pieces of the upper. In an Irish 
species (/^. tiiacontadactylus), the arms subdivided into thirty 
branches, each fringed with minuter pinnules and folding round 
the central elevated spire, as the petals of a crocus close round 
its central pistil. In another encrinite (Foterioci^nUes conicus), 
the cup was shaped like an inverted cone, the point being affixed 
to the suuunit of the stalk, and the broad part throwing out 
from its edges the lateral arms. The Woodocrinus macrodac- 
fjflm had such gigantic arms as wellnigh to conceal the posi- 
tion of the cup, which relatively was very small in size. They 
sprang from near the base of the cup, five in number, but soon 
subdivided each into two, the ten arms thus produced being 
closely fringed with the usual jointed calcareous pinnules. 

The size and arrangement of the joints of the stalk also 
diftered in different genera. The Woodocrinus and many others 
had them alternately broad and narrow, like a string of buttons 
of unequal sizes ; others had all the jomts. of the same relative 
diameter (Fig. 1 9 6), so that the stalk tapered by a uniform line 
from base to point. I may add, that on some specimens of both 
these kinds of stems, we can notice small, solitary areolce, or 
scars, which may mark the points of attachment of cirri, or little 
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teiitaclca, like those on the ateui of t!ip existing Peutacriuiti'. I 

Bat though each of these varieties of stem ia pecuhar tu a ] 

certain number of genera, there ia oiten so Httic distinctieu 1 

gmiong the detiLched ftagniente, that it beconien difficult, indeed j 

impoesible, to assign each to its appropriate in<Myi(inal. We I 

may say, that certaiu encriiial stalks could not have belonged I 

ti> a poteriocrmus, ond others could never have fitted on tu ] 

the cup of an actinocriuus ; but we lyrnnot often say positively I 

to ^hat Bpeuies they actually would have fitted. There eau, 1 

however, be uo doabt shout their being encrinites, and so we 1 

have in them a safe and evident test for the origin of the rock J 

in which their remaiua necur. But to this I shall afterwania ] 

Invert. I 

In the meantime, I would have the reader to fix the stoutv 
lily in hia memory as peculiarly and emphatically a marine 
animal, ilwelliug probably in the deeper and stiller recessea of 
tlie ocean, like the Fentacrinite of existing times. Let him try 
111 remember it, not iu the broken and sorely mutilated state iu 

whicU we find it among the blocks of our lime-quarries, but as I 

it must have lived at the bottom of the carboniferous seas, j 
The oozy flour of these old waters lay thickly covered with 

many a graceful production of the deep, submarine gardens of I 

" Tiglol, BsphodeL Irj, and Ttne-leaTW, rosM and Ullai I 

Amid this rich assemblage of animated forms, the stone-lilies I 

must have occupied a conspicuous place. Grouped in thick-set j 

though diminutive forests, these Uttle creatures raised their I 

waving stems, and spread out their tremulous anus, like beds I 

of tulips swaying in tlie evening air. Their flower-like cups, j 

so delicately (ringed, pust have presented a scene of ceaselesA I 

activity as they opened and closed, coiling up while the animal j 

seized its prey, or on the approach of danger, and relaxing again 1 

when the food had been secured, or when the symptoms of n I 
coming enemy had passed away. Only ftom. tVvw i 
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action would one have been apt to conjecture these organisms 
to be other than vegetable. They lived, too, not in detached 
patches, like the tulip-beds of the florist,, but, to judge from the 
abundance of their remains, must have covered acre after acre, 
and square mile after square mile, with a dense growth of living, 
quivering flowers. As one individual died out, another took its 
place, the decaying stems and flowers meanwhile falling to 
pieces among the limy sediment that lay thickly athwart the 
sea-bottom, and contributing, by their decay and entombment, 
to build up those enormous masses of rock, known as the moun- 
tain-limestone, which stretch through Yorkshire and the central 
counties into Wales. 

In addition to the stone-lilies, the carboniferous rocks contain 
the remains of several other kinds of EchinodemuUa, Some of 
them find their nearest modem analogues among the sea-urchins 
so common on our shores ; but I pass on to notice another very 
interesting class of fossils known by the name of CrugtaceOy and 
still abundantly represented, the crab and lobster being familiar 
examples. 

The Crustacea, so called from the hard crust or shell which 
envelops them, form, with all their orders and genera, a very 
numerous family. They are of interest to us as containing 
among their number some of the oldest forms of life. Away 
down in the lower Silurian rocks, among the most ancient 
fossiliferous strata, we find the crustacean with its armour of 
plates and its prominent sessile eyes set round with lenses, still 
visible on the stone. Thus, on the first page of the stony 
records of our planet's history are these primeval organisms 
engraved. In some localities, where oxide of iron is largely 
present, they are coated with a bright yqllow efflorescence, and 
stand out from the dull grey stone like figures embossed in gold.^ 

1 Such is the aspect of the organisms in some of the Silurian sandstones near Oirvan. 
I hare seen the same bright tint on a set of fossils from the Llandeilo flags of Walea» and 
firom the slates of Desertcreat, Ireland, and have disinterred similarly gilded shells fh>m 
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On all the Bubaoqueut kaves of this ancient clirauicle, wc can 
detect the remains of cnistacean life, and many tribes etill 
swarm in our aeaa ami lakes. It Ib interesting, however, as 
marking the onward progress of creation, to notice that, though 
this great family has coutinued to live during all the sucoeaaive 
geological ages, its memhera Lave ever been changiug, the older 
types waning and dying out, while newer genera rose to supply 
for a time their place, and then pasBed away before the advance 
(if other and yet later forms. The trilobites that meet na on 
the very verge of creation, swarmed by millions in the seaa of 
the SOuriau ages, diminiahed graiiually during the era of the 
Old Ked Sandatone, and seem to have died out altogether in 
^e times of the Coal. In no ocean of the present day is a 
tmce of auy of their many genera tu be seen. The der^t- 
podt, of whioh our common crab ia a tyjjical form, began 
to be after the trilobites had died cut. In all the subsequent 
eras they gradually increased in niunbers, and at the present 
day they fonu the moat abundant order of crustacean life. 
The history of these two divisions, to adopt Agaasiz's mode 
of representation, may be illuatrateci by two long tapering tanda 
like two attenuated pyramids. The one has ita broad base rest^ 
inig upon the existing now, and thinning away into the paat, 
till at loat it comes to a point. At a httle interval tlie apex of 
the other begins, and gradually swells outward as it recedea, 
till the wide base terminates at the first beginnings of life. 

But there are also aome orders that would be best illus- 
trated by a long line of nearly uniform breadth, extending from 
(he first geologic periods to the present day. In other words, 
they eeem to have retaiucd during all time pretty much the 
nam amomit of development. I shall confine my notice of the 
carboniferous Crustacea to the description of a single genus be- 



r«3 



THK BTOBY OF A BOULDEB. 



loDfling to a family thnt aceme to Lave beguu during the period 
of till! Liiwer SiliiriiLn, and atill flourishes abundaotlj in ezist- 
itig WBt«re. 

The genus to which I refer is a well-known fossil in some parts of 

the Coal-measure series, and has been named Cyprit. The ahelk 

of Cj/ftriileit aro very minute, considerably leas than the heads rf 

Miiiall [lins (Fig. 20-'). They can be seen quite well, however, 

wilhifut the use of a magnifying power. In shape they resembis 

beans, and when seen scattered over a slab of shale, look much 

llker seeds than the relics of animal Ufa Yet, under this Mmple 

oxtorior, they concealed a somewhat complex organization, ^le 

little bean-shaped ehslt^ 

wliich are all that now 

remains to ns of dieir 

structure, formed the 

cnist or outer ahel! in 

which their viscera wece 

1^^^^^^^ contained, and answered 

iM^SK^^^Km "°'' aegmcuta of thD 

jf>'''J|^'M55^N,', crab. They consisted of 

I ''^t^^ ''^'' *^*'^"^''^ ""^ ^'^ 

} "^ts^ *'°S ^ ^'^^ other, so as 

k > W ^ resemble the united 

[ R valves of a bivalve ahelL 

' From the upper end 

i,o«b«niftrou..yprt-.»i.u«.hndBiignifl«j. t^ere were protruded 
K lUoonifltptii. hi^iy mnroiiiiiii. through, the opening be- 

I. Cubunilnruui klBB-cn.li (tin ulw IrilMUIda). . " , , " . 

twecn the valves a pair 
of slim jointed antennaj, each furnished at its point with 
a bundle of minute hair-like cilia (Fig. 20--), These, when 
set in rapid motion, served to impel the creature through 
the water. The legs, four in number, were encrusted with 
the same hard membrane, and had the same jointed struc- 
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ture afl tioae of oiir common Bhrinifia and crabs. The fore- 
most pair were pointed like the aiiteuuie with fine hairs, the 
incessAiit action of which aesiated the animal in ewinimiug. Of 
the little, confluent, sessile eyes, the delicate brunchia or gills, 
and all the comples internal structure of the nervous, circulat- 
ing, and other systems, no trace has survived on the stone; bat 
enough of the general external form ia left to show U8 the true 
affinities of these oiganisms in the animated world of the pre- 
sent tima By studying the forms and habits of the cyprides 
that swarm in some of our ponds and marshes, a just con- 
ception is obtained of the structure and habitat of the ani- 
mals that once occupied the minute bean-shaped shells, which 
lie b; millions among the shales of the Carboniferous sys- 
tem. Prom such a comparison ve infer, that just as the 
cypridea of to-day are fresh-water animals abounding among the 
green slime of stagnant pools, so, in past ages, they must have 
preserved with the same organization the same habits. And 
thus we arrive at the important conclusion that the strata in 
which the remains of eyprides abound must have been deposited 
in Ukes or rivers. This gives us a key by which to interpret 
some of the changes of a geological system, and the ancient 
physical revolutions of hirge tracts of country. 

The shales of the coal-measuna sometimes contain the cypris 
cases in such abundance as to derive there&om a sort of fissile 
structure. It should be borne in mind, however, that each 
animal may during its lifetime bave possessed in succession 
several of these cases. Among the shell-bearing molluscous 
animals, the little shell which contains the creature in its 
youngest stages remains ever after as an integral part of tJie 
tmtts calcareous case. As the inhabitant grows, it continues to 
add band 'ailer band to the outer edge of the shell, each of 
which, whilst preserving the general symmetry and proportions 
of the whole structure, increases its dimensions in every way. 
Among the univalves, such, for example, as the tunitella, su 
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common on our shores, the layers of growth succeed each other 
like the steps of one of those long spiral stairs that our f&oM 
forefathers loved to build from the court-yard to the watch- 
tower of their castles. Each new layer exceeding in bulk its 
predecessors, adds a new step to the ascending pile, and thus 
the ever-widening mouth winds spirally upwards around the 
central pillar. The bivalves exemplify the same principle. The 
successive additions are made in a crescent form to the outer 
edges, and form those prominent concentric ridges so conspicu- 
ous on many of our commoner shells, such, for instance, as some 
of those in the genera Astarte and Venus, 

But the architecture of the Crustacea (and, of course, that of 
the cyprides) is conducted on a very different principle. Their 
houses admit of no additions or enlargements, and so, when 
the animals find themselves getting somewhat straitened, they 
retire to a sheltered spot, and there, separating the walls that 
hem them in, crawl out like soft lumps of dough. The outer 
membrane of the moulted animal quickly acquires strength and 
hardness, and in a day or two the renovated creature is a« 
healthy and vigorous as ever. In this process it is not merely 
an external shell, like that of a mollusc, which is thrown off, but 
a veritable skin, so that when the old shell is abandoned it fre- 
quently could not be detected on a first glance to be empty, the 
outer crust of every leg and joint, and sometimes even of thin 
bristles, remaining just as in the living animal. 

It is not unlikely that this process of moulting takes place 
annually in most of the Crustacea, so that if we suppose a fossil 
member of the group to have lived six years, it would have left 
six crusts to be entombed in any deposits that might be forming 
at the time. Of course there would be many chances against 
all the six being preserved, but the possibility of at least several 
of them becoming fossilized should be borne in mind when we 
speculate on the abundance of such organisms in any geological 
formation. 
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I might refer to another very interesting group of crustacean 
animals known as the Limitli^ or king-crabs, of which there were 
at least three representatives during the times of the English Car- 
boniferous system (Fig. 20-^. They are remarkable chiefly for 
their large crescent-shaped shield, their long sword-like tail, and 
their double pair of eyes, of which the outer ones are large, ses- 
sile, and compound, like those of the trilobites, while the middle 
pair are small, simple, and set close together on the forehead, like 
those of the single-eyed Cyclops in the old mythology. Alto- 
gether, with their shields, swords, watchful waking eyes, strong 
massive armour, and great size (for some of them measure two 
feet in length), they form a most warlike genus. 
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CHAPTER VL 

O&rbonfferoai faana eontinned— George Herbert's ode on " Man " — ^His idea of ereatiofr- 
What nature teadies on this labject — Monnscons animals— Rai^of species in time 
proportionate to their distribution in space — Two principles of renoratioB and deoj 
exhibited alike in the physical world and the world of life— Their eifecta— The nol- 
Insca — Abundantly represented in the carboniferous roeks — Pteropods— Bradiiopedi 
— Prodnctus — Its alliance with Spirifer— Spirif» — Terebratula — Tiameiltibfandis— 
Oastro]>ods — Land-snail of Nora Scotia— Cepbal(^ods — Structure of orthoceru— 
Habits of liTing uautUns. 

Holy George Herbert, in one of the most remarkable odes 
of the seventeenth centnry, sang quaintly, yet nobly, of the dig- 
nity of man. He lookerl into the design and nature of the 
human heart, and saw there a palace that had been buHt for 
the abode of the Eternal. Deserted though it might be, broken 
down and in ruins, yet there still lingered a trace of its ancient 
glory, and the wliole material world still testified to its inherent 
greatness. He looked abroad on the face of nature, and saw, 
in all its objects and all its movements, a continued ministm- 
tion to man. 

" FiTT US the windes do blow ; 
The carth*doth rest, hear'n moTe, and fountains flow. 
Nothing we see, but means our good. 
As our delight, or as our treasure : 
The whole is, either our cupboard of food. 
Or cabinet of pleasure. 

" The starres hare us to bed ; 

Night draws the curtain, which the sunne withdraws ; 

Musick and light attend our head. 

All things unto our flesh are kinde 

In their descent and being ; to our minde 

In their ascent and cause." 
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■ The idea is a very natural one, and is ponaequeutly : 
man liimselt'. Human vanity is soothed by the reflection that 
all this variijd world, with ite coimtlese beauties, has been de- 
signed and arrayed solely for the use of man. And yet, if we but 
think of it, Bueh a view of ereation, however natnral and pie 
ing, is at the heat but b narrow and selfieh one. It aaauredly 
finds no response in natiwe, and grows more and more out of 
fashion the further our investigations proceetL Nature teaches 
UB that long ere man appeared upon the earth there were buo- 
oeeaive generations of living things just as now ; that the 
shone, and the waves rolled, and the wind blew, as they do to- 
day J and that, on as lovely a planet as that whereon we dwell, 
there lay forests and prairies nursing in abundance aniioals of 
ioug-eKtinct forms ; lakes and rivers, haunted by ereatnrea that 
find no representatives now ; and seas teeming with life, from 
the minute infosory up to the most unwieldy icthyosaur, or the 
moBt gigantic cetacean. And all this, too, ere a reasoning, 
intell^ent being had been numbered among terrestrial creatures, 
and when, perhaps, each successive ereation was witnessed by 
none save those " morning stars who sang together, and those 
sons of God who sliouteil for joy." The delight and comfort 
of the human rac« formed, doubtless, one of the many reaaona 
why this globe was so bountiftiUy garnished.' But the work- 
manship of a Being infinitely wise, and good, and powerful, 
eonld hardly have lieen other than complex and beautifiiL 
That ayinmetry and grace which we see running as a silver 
thread through every part of ereation, forms one of the charac- 

1 la eonneilnn HlLh thli mbject I h»e b»n nFun slTDnk wKti ■ pomae In SI. Pul'i 
BpiRle 10 ihe Crlimimii. i. 18. ■' All ihlnp wem crestM bj him [ ' 

wllh ■ Tlew to, on Kcmmt lO] him." II li probablo i3a.l ibeM woi 

liemfter ibaH jiTom Ibe koy to tb« iuyn«ry cf crefkLlDU. On IbiB ImprcsiTa 

colt nblfct Uui maa Ebould ntcr lu tbe daring ctaavln oF Hittb Hlllgi'a Foolprinli ^ 

Itn OrralBr. Bee iiJ» K'Coib on Tupiaii Fmtiu, 2i t^v p. £31. 
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teristics of the Almighty's mode of working. From tiie Poim- 
tiiiii of all Beauty nothing unseemly or deformed can proceed. 
And so we find, away back among the ages of the past, that, 
though the material world might be less complete, it was not 
less beautiful than now. Nay, those bygone millenniums stood 
higher in one respect, for the eye of Grod rested upon their 
unsullied glory, and he pronounced them very good ; but these- 
last ages of creation are dimmed and darkened, and that Eye 
now watches a world trodden down by the powers of eviL 
There is profound truth in the sublime allegory of Milton that 
represents Sin girt round with clamorous hell-hounds, and the 
two grisly forms sitting at the farthest verge of purity and light, 
to keep the gates of darkness and chaos. With the introduction 
of moral evil into our planet came the elements of deformity 
and conftision. The geolo^st can go back to a time ere yet 
the harmony of nature had been broken. The Christian looks 
forward to a day when that harmony shall be again restored, 
and when guilt with all its hideous train shall be for ever 
chased away from the abodes of the redeemed. 

Such thoughts as these sometimes arise in the mind of one 
who labours much among organic remains. By no class of 
fossils are they more vividly suggested than by those which we 
come next to examine — the various tribes of molluscous animals. 
This results from the high antiquity of these organisms, and the 
similarity of type which they have manifested in all ages. In 
the very earliest geological periods they exhibited the same sym- 
metry of external form as now, the same beauty of structure, 
and apparently the same delicacy of colour. Nay, so closely 
did they resemble their existing congeners that we are seldom at 
a loss as to their affinities, and can refer them to their places in 
the scale of creation, and sometimes even to genera still living.^ 

1 It must be admitted, however, that not a few of the identifications ahready made are 
somewhat suspiciou!>. The natural tendency is to perceire resemblances — a tendency 
which even the most rigid science sometimes foils to control 
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The geological ages saw many strange types of creatiou. 
One era, in eBpecial, furnigbed reptilea which united in their 
etnicture the snout of the poipoise, the head of the lizard, the 
toeth of the crocodile, the paddles of the whale, and the back- 
bone of the fish. Some displayed tiie long pHaot neck of the 
swan, and others careered through the air on wing^ like those 
of the bat. But the moUuBcoua tribes have never exhibited 
such aberrant forms. The existing classes and orders of the 
naturalist are still the same as those which flourished during 
the BuccesBive geological periods. Hence their value as evi- 
dence of physical changes in the ancient world. Hence, 
too, the conviction, forced upon the mind of the observer, 
that the conditions for the support of Jife never deviated 
much from those now in operation ; that in pla^ of all the 
varied beauty of the world having arisen for the 
existed milUons of yeare ere tie breath of life had been breathed 
into his nostrils ; that in fine, man is but a new-comer, b 
tion of yesterday. 

There is another point suggested by the occurrence of 
moIluBca in the Carhoniferoua system, to which it may be 
well to refer, namely, the curious, and as yet not wholly 
underBtood fact, that the range of animals in time i 
way proportionate to their range in space. In other words, 
it often happens (so often, indeed, as apparently to indicate a 
law) that the more widely diffused a genus is found to be at the 
[»¥8ent day, the farther back can we trace its remains into the 
geological ages. This fact probably depends upon causes, many 
of which are still unknown to us ; but the following remarks 
may help the reader to a notion of the general bearings of the 

Li the profounder recesses of the ocean, the temperature 



90 TH£ STOBT OF A BOTJLDBB. 

remains more or less uniform all over the globe.^ In these 
imdisturbed regions there occur, along with corals and other 
humble animals, many kinds of mollusca, such as terebratuls, 
cranise, scissurellse, &c. These are very generally found not to 
be confined to one province or limited district, but to flourish 
in every sea from Hudson's Bay to Hindustan. One of the 
causes of this wide distribution is the uniformity of tempera- 
ture that characterizes the depths in which they live. They 
can migrate from one ocean to another, from the torrid zone to 
the polar circle, without experiencing any destructive change in 
the thermal conditions of their element. And provided only they 
meet with no barrier in the form of a lofty submarine mountain 
chain or profound abyss, and can secure the requisite food in 
their journey, we know no reason why some of these shells may 
not thus extend themselves over wide areas. Of the two species 
of rhynconella now living, one inhabits the depths of the icy sea, 
the other enjoys the warmer waters that lave New Zealand. The 
species, in this case, seem (for the fact cannot yet be accepted 
as ftdly proved) to occupy a more limited area, while the genus 
has a larger range. 

Now, a genus widely diffused, and capable of enduring great 
differences in the temperature and other conditions of the ocean, 
would probably suffer least from any great physical changes. 
If all the sea at one locality were converted into land, the 
genus would be driven into other districts, and thrive as abun- 
dantly as ever ; or, even supposing that it should become 
locally extinct, it would still be abundantly represented in 
other oceans of the globe. In the course of many ages, after 

I The stratum of constant temperature runs in a wave-like form from pole to pole. In the 
arctic and antarctic oceans it is found at a depth of 4500 feet, whence it slopes npwards 
so as to reach the surf ice at the temperate zone on both sides of the equator. It then 
gradually sinks down in the warmer region*), till at the equator it is 7200 feet below the 
Hea-leveL There are thus one tropical and two polar basins separated by two wave-like 
circles, or, as a geologist would say, three synclinal troughs separated by two antidinal 
ridges. 



many such slow reyolutions in the configuration of land ajiil 
sea, the genus might perhaps become greatly reduced in niim- 
bere, nntil at length suine final elevation of the sea-hed, or 
other change, might cauae it-s total extinction. In the rhifn- 
eimella, we perhaps see one of these genera in its last stage. 
Any great change in northern latitudes would probably destroy 
the arctic species, and a similar change around New Zealand 
migbt gradualiy extinguish the SQUthem one. 

Looking, then, fi'om this point of view into the past history 
of life upon onr planet, we see that such extinctions have often 
taken piare. At first, many of these widely-diffused genera 
■were created. They were represented by a large number of 
species as well as individuals, and ranged over all the oceans 
of the globe ; but in tracing out their history, we marlt ore 
species after another passing away. Some of them lived for 
but a conyiTat' ly short period; others came in with the 
b^itm ng an 1 saw ut the end of an entire geological system ; 
but of aU th se arly species there is not now a single one 
extant, tb b s me f the genera still inhabit our seas. It is 
plain, th f that but for the operation of another principle, 
all the gen a t would ere this have become extinct, for the 
wfiole can nta n no n o e than the sum of its parts ; and if these 
parts are destroyed the whole must perish sinmltaneously. As the 
spe<ues of certain genera died out, however, their places were from 
t^e to time filled up with new ones, yet the rate of increase be- 
came ever less and less than the rate of decrease, so that the ; 
bem of such genera grew fewer with every successive period, and 
have reached their minimum in existing seas. There are instances, 
however, in which this ratio was reversed, the list of added 
spcdea continually outnumbering that of the extinct, till the 
genus reached its maximum, when it either continued at that 
stage till the prment day, or began slowly to decline. 

lii the physical world aroimd us, we behold a perpetual strife 
between the two great principles of renovation aad iaos^ . 'S;&:t 
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■*re insenably crumbliiig into vdleys ; \aUeya are gradually cut 
down, and their debris trunspurbd to the aea. Our shoree bear 
witncas to tlie slow knit ever coward march of the ocean, whe- 
ther aa ehattereii clifla worn by tie inccBsaat JoshiDg of tte 
surge, or as siuid-banks and submerged forests that repitaait 
the woWa and holms of our forefathers. We nark, too, htw 
the sedimcoit thtis Lome into the main is sowiog 



wliile the slow olcvation of large tracts of country, or the ntdden 
upheaval of iitherB, shows us by liow powerful an agency ths 
boiimce of land and sea is preserved, and how sometimes the 
paroxysm of an Lour may effect a mightier change than the 
wasting and decay of a thousand jean. We choose to call these 
two principles antagonistic, because in their effects they are en- 
tirely c^posite ; yet there is do discordancy no caprice in theii 
nitration. Eauh works out its end, and the result is the harmony 
and stability of the face of nature. 

In the world of life, too, there seems to have been, a double 
principle of decline ami renewal. Tlie na.tiiial te.ndency of 
species and goiera, like tliat of individu^s, has beea towards 
extinction. Why it should be so we know not, further than 
that they are for the moat part influenced by every change in 
physical geography. But they probably obey a still higher law 
which governs their duration, as the laws of vitality govern 
the life of an individual If we are but sligbtiy anjuainted 
with the agency by which the degradation of land is counter- 
lialanced, wo are still more ignorant of the laws that preserve 
tlie balance of life. Creation is a mystery, and such it must 
for ever remain. So, too, are the principles on which it has 
been conducted. We can but mark their results. We see new 
species appear from time to time in the upward series of the geo- 
logical fonnations, but they tell not whence they came. Of two 
genera created together at the beginning, one ere long died out. 
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but the other etiU lives ; jet here there is oseuredly nought 
like discordance or caprice. Nay, theae two principles — death 
and creation- — have been in active operation all through the 
agea, and the result ia that varied and exquiaitely beautiful 
world wherein we dwelL 

The MoUuBca are ao nauied from the soft nature of their 
bodies, and are familiar to us as exemplified in the garden-snail 
and the shells of the sea-shore. The general type upon which 
they are constructed is that of an external mnscnlar hag, either 
entire or divided into two, calle<i the mantle, in which the 
Tiacera arc contained. In most of the orders, tliey have Uke- 
wise an outer hard calcareous shell, consisting of one or more 
parts. It is of course this shell alone that can be detected in 
the rocks, hut by attending to the relations between the living 
aDimalB and their shells, we ascertain the nature and afGnitiea 
of the fossil species. 

Few who ramble by the seashore, gathering limpets, whelks, 
and cockles, are aware how complex an anatomy is concealed 
within one of those brown discoloured sheila. There are ela- 
borate nervous and muscular systems — sometimes several hearts 
with accompanying arteries and veins — often dozens of rudi- 
mentary eyes — capsules which perform the function of ears — 
jaws, teeth, a strongly armed tongue — gullet, gizzard, stomach, 
liver, intesrine, and complete breathing apparatus. The structure 
and grouping of these parts vary in the different genera and orders, 
and upon such variations is founded the classification of the natu- 
ralist Thus, the molluaca of the highest class are called the 
C^halopoda, or liead-fnoled, because their feet, or rather arms, 
are alung in a belt round the head. They contain, among their 
Qomber, the cuttle-fish, with ita curious internal bone that 
shadows forth, as it were, the coming of the vertebrate type ; 
and the nautilus, with its many-decked vessei of pearl. The 
second class is termed the Giutmpoda, or hdly-footed, as the 
genera embraced under it creep on the under aide of ^q XvcA^-, 
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which is expanded into a broad retractile foot. The common 
snail and whelk are familiar examples. The third class is 
formed by the Pteropoda^ or wing-footed — delicate animals, 
found only in the open sea, and remarkable for a pair of wing- 
like expansions or fins on the sides of the mouth. The 
Lamellibranchiata form the fourth class, and receive their name 
from the laminated form of their branchioj or gills. They 
contain the two-valved shells, such as the oyster and scallop, 
and are one of the most abundant groups of animals on our 
coasts. The fifth class consists of the Brachiopoda, or armrfooted 
molluscs — a name given to them from their long spiral arms, 
once thought to be the instruments of motion, but now ascer- 
tained only to assist in bringing'the food to the mouth. The 
sixth, and humblest class, has received the designation of Tuni- 
catay from the thick bladder-like tunic, or sac, which supplies 
the place of an outer shell. 

The geologist finds the remains of all these classes in the 
different rock-formations of the crust of the earth. They 
flourished so abundantly in the earliest seas, that the first geo- 
logical period has sometimes been called the Age of Molluscs ; 
and, during all the subsequent eras, they held a prominent 
place among the inhabitants of the deep. Let us look for a 
little at their development in the times of the Carboniferous 
system. 

As the Carboniferous group of rocks exhibits the remains of 
ocean-bed, lake-bottom, and land-surface, so we find in it shells of 
marine, fresh-water and (though rarely) terrestrial moUusca. The 
marine genera greatly predominate, just as the shells of the sea 
at the present day vastly outnumber those either of lakes or of 
the land. In England they occur chiefly in the lower part of 
the formation, giving a characteristic stamp to the deep series 
of beds known as the mountain limestone. There they are 
associated with the corals and stone-lilies already described — 
all productions of the sea. In Northumberland, however, and 
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generally througliout Scotland, they occupy a somewhat differeat 
poeition. Thn great mountuiD limestone of <;cntral England gets 
split up into subdivisions ae it proceeda northward, and beds of 
coal, full of land plants, become mingled with the ordinary 
marine strata. Sometimea we may find a group of brachiopods 
8cattere4l over the macerated at«m of a Btigmaria - and the 
writer has himself collected a sigillaria in a limestone crowded 
with Btone-lilied and pi-oducti. But this intermingling is stUt 
further carried on in the upper part of the series. The coal- 
beds, with their underclays and atigmaria rootlets, evidently 
representiug ancient vegetation with the soils on which it grew, 
are succeeded by beds of limestone, fitll of marine moUusca ; 
and these, again, are erelong replaced by sandstones, shales, and 
ironstones, charged with land-plants and fresh-water shells. 
To this curious blending of very different organic remains, I 
shall have occasion to refer more at Sarge in a subsequent chapter. 
I mention it now as a sort of apology foi the dryness of detads 
which it IS necessary to give in order to complete our picture 
of the carboniferous fauna, and to understand the 
principles upon which the anuent histoiy of the 
earth IS deciphertd. 

Of tbe Plextpoda, we have as jet, but one 
carboniferous genua the comilami (Fig 21) It 
waa a alim deht*te shell, m shape an oblong cone 
havmg four sides, finely stnat^ with a sort of zig 
za^ moulding like that of the Norman arch. Each 
of the four angles waa traversed along its whole 
extent by a narrow gutter-like dcpresaiun, and thb 
style of fluting, combined with the markings on 
the rides, imparted no little elegance to the shell 
The conularia is not a common foasU. It has 
been found among the coal-bearing strata of Coalbrook-Dale, 
and was noticed long ago by Dr. Ure in his Hutoiy of Ruther- 
•Jlen. 
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The Brachiopoda are bivalve molluscs, but unlike most other 
molluscs they are rooted to one spot, and destitute of any power 
of locomotion. Their shells are unequal, the dorsal, or upper 
valve, being smaller and usually more bulged out than the 
under or ventral valve, which in most species is prolonged at 
its narrow end into a kind of beak. In the terebratula this 
beak has a little circular hole, from which there emerges a short 
peduncle or stalk, that fixes itself firmly to a rock or other sub- 
stance at the sea-bottom, and serves the purpose of an anchor 
and cable to keep the little vessel safely moored. When the 
shells are detached, these perforated ventral valves have so 
exactly the form of the old Roman lamps, " that they were 
called Lampades, or lamp-shells, by the old naturalists." * Other 
species, as the lingulce, have no beak, and the long peduncle 
passes out between the valves, which are of nearly equal size, 
and have been compared to the shape of a duck's bilL In yet 
another genus, the crania, there is no peduncle, but the animal 
adheres by its lower valve, much like the oyster, and may often 
be seen clustered in groups on decayed sea urchins or other 
organisms, particularly in the chalk formation. 

The internal structure of these animals is singularly beautiful. 
The inner surface of each valve is lined with a soft membranous 
substance, called the pallial lobe, the margin of which is set 
round with stiff hair-like bristles, that prevent the ingress of 
any foreign body likely to interfere with the play of the delicate 
filaments of the arms. These two soft lobes are furnished with 
veins, and supply the place of a breathing apparatus. The body 
of the animal occupies not quite a third part of the interior of 
its valves, and is situated at the narrow end. There are thus 
two distinct regions within the shell, separated from each other 
by a strong membrane, through the centre of which is the open- 
ing of the mouth. The smaller cavity next the hinge contains 
the viscera, and the outer larger one, the folded and ciliated arms. 

1 See ihe excellent ManucU of MoUusea, by Woodward, p. 209. 
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These arms form oiie of the moat L-haracterietic features of the 
hrachiopode. They are two in number, anil proi/eeding from 
the margin of the mouth, advance into the outer empty cham- 
ber of the shell, and return upon themselveB in Bpiral curves 
and folds. They are iringed with slim, flat, narrow filaments, 
eet along the arm like teetJi along the bock of a fine comb. 
Though caUed arms, these long eiliated appendages ore rather 
enormously protruded lips. The vibratory action of the fringea 
cttUBea oirreuta to set inwards towards the mouth, which is 
placed at the inner end or base of the arms. To support these 
long convoluted arms, many of the genera are furnished with 
slender hoops of hiini calcareous matter, which are hung from 
the dorsal valve, and are still found witiiin the shells of some 
of the most andent foBsil brachiopoda. 

The little visceral cavity contains the complex groups of 
muscles for opening and closing the valves, a simple stomach, 
a large granular liver, a short intestine, two hearts, and 
the centre of the nervous system. Without going into the 
detuls of theso various stnictures, the reader will see that the 
brachiopoda are really a highly organized tribe ; and I am thns 
particular in the enumeration, partly that he may the better 
underetand the mechanism of the carboniferous shells of that 
tjpe, and partly that he may mark how the oldest forms of life, 
UioBe that meet us on the very threshold of animated existencei 
■were' not low in organization, but poasesBed an anatomy as com- 
plex aa it was beautiful. 

Who that has ever wielded an enthusiastic hammer among 
the richly fossiliferoua beds of the mountain limestone, does not 
remember with delight the hosts of delicately fluted shells that 
the labour of an hour could pile up before him 1 There was 
the striated productus, with its slim spines scattered over the 
atone. There, too, lay the spirifer with its broader plications, 
its toothed margin, and its deeply indented valve. Less common, 
and BO more highly prize^l, was the elimly-ribbed rhynconella, 
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with ite sharp, prominent beak, or perhaps the smootli, thin 
torebratula, with ite coIour-bandB uot yet etfaced. These were 
pleaaaat hours, and their memory must dwell gnit«fuU]r amotig 
the recoUectiuna of one whose avocations immiirB him through- 
out well-nigh the livelong year amid the din and liust of town — 
thefwnum 't opes ttrepUamgue Soma 

In the productus the dorsal valve is sometimes qiiit« flat, 
while the central le pruiniiiently arched, and the shell 
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a little eup with a flat plate of the same diameter placed over 
it Usually, however, both the valves are concavo-convex, or 
arched in the same direction like two aaneers placed within 
each other. The exterior surface of each valve ia differently 
ornamented in the various Bpecies. A very common style of 
sculpturing is by a set of fine hair-like longitudinal ribs, iHverg- 
ing more or less regularly from the hinge line to the outer mar- 
gin. In some speciea these ribs are wider, and are furnished 
with little prominent scars. In others (as F. pujwtatus) a set 
of semicircular ridges runs round the shell, narrowing as they 
converge from the outer lips to the centre of the hinge line, and 
bearing each an irregular row of small scars or tubercules. 
Some of the species are veiy irregularly ornamented into a sort 
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of wrinkled suiface, in which the atri* aeem, as it were, thrown 
over the valves iu bundles at random. 

The productua was furnished "with slender hollow epiuiM, 
which rose up from the surface of either valve, chiefly, however, 
about the hinge. In /". ipinosus they were long and atout, 
like thin rush stalks, while in the smaller species they rather 
resembled stiff bristles. The use of these spines is not very 
well made out. As must of the product! appear to have been 
free, that is, without any peduncle fixing them to the sea- 
bottom, it has been conjectured that the spines, by sioking deep 
into the mud, may have served the place of a peduncle to moor 
the shell. 

As r^ai'ds size, the pruductus is veiy vaiiable. You may 
gather some species in the young form, not larger thou 
peso, while others may reward your search, having a breadth of 
sis or eight inches (/". gu/antewtj. But however much they 
may vary iii dimensions, they usually remain pretty constant in 
their abundance, being among the most common fossils of the 
mounttun limestone, and even of «ome limmtones in the true 
Coal-measures ;^ and that must be a poor stratum indeed which 
cannot yield you a bagful of producti. 

The productuB no longer ranks among living forms, It 
began during the times of the Upper Silurian system, Uved all 
through the Old Red Sandstone, and attained its maximum of 
dereloptnent iu the seas of the Lower Carboniferous group. As 
the coal forests began to flourish, the productus seems to have 
waned ; but it is still sometimes found in considerable numbers 
in the ironstones and limestones intercalated among the coal 
seams of northern England and central Scotland. In the 
period which succeeded the coal, that, namely, of the Permian, 
it seems to have died out altogether, at least no trace of ite 
remains have as yet been detected iu strata of a later age. But 
whilst it lived, the productus must have enjoyed a wide range 

' See Ibe table gireo below in Chnp. X. 
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of climat*, for ito valves have been found by thoiisands Iwth in 
the old world and in the new, I have seen several that were 
brought from the liilla of China, and the; occur likewise in 
Thibet. Siiecimena have been brought, too, from the wjwin 
plains of Australia, and from the snows of Spitzbergen. 

In looliing over the fossils that lie grouped along beds of the 
mountain limestone, there are two forms that we find almoet 
invariably side by side — the productus and the apirifer. ITiey 
seem to have begun life together, or ruther, perhaps, the spiriier 
is somewhat the older brother. They voyagetl through the 
same seas, and anchored themselves to the same oeean-bed, 
sometimes among mud and ooze, and often among boweis of 
corals and stone-lilies. They visited together the most distant 
parts of the world, from Gliina to Chili, and from Hudson'e 
Bay to New Zealand. I have sometimes laid open fragments 
of limestone where they lay thickly clustered as though they 
had ended a life of friendship by dying very lovingly together. 
But after all the varieties of tie productus had died out, some 
species of the spiiifer still lived on, and it was not until the 
period of the lias that they finally disappeared. I remember 
meeting with one of these latest spirifers in the course of a 
ramble in early morning along the shores of Pabha, one of the 
lone aea-girt islands of the Hebrides, where the Scottish secon- 
daiy rocks are represented. The beach wss formed of low 
shelving reefs of a dark-brown micaceous shale, richly chafed 
■ with the characteristic fossils of the Lias — ammonites, betem- 
rnites, gryphsese, pectines, &c. In the course of the walk I 
came to a lighter coloured band, with many reddish-brown 
nodules of ironstone, but with nu observable fossils. A search, 
however, of a few minutes disclosed a weathered specimen, near 
which a limpet had made good its resting-place ; and this soli- 
twy specimen proved to be one of the last lingering spirifers 
w^S. WalcoUii). The form struck me at once as a familiar one, 
■•and recalled the fossils of the mountain limestone. It may 
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aeem a puerile fani^, but to one wlio had lately been working 
among paJeozoio rocka, aud remembereil the history of tlie 
spirifer, there was something suggestive in the loneliness of the 
specimen. With the exception of one or two other organisms 
(as rhyncondla), it was by iar the most ancient form of the 
deposit. Its family had come into the world thousands of 
years before that of the lar^ pinnre that lay among the neigh- 
bouring shales, and perhaps millions of years before that of the 
gracef^y curved ammonites. But the family waa nearly estjnet 
when these shalett were being thrown down as sandy mud, and 
this wasted specimen, worn by the dash of the waves, seemed in 
ite solitariness no inapt representative of an ancient genua that 
was passing away. 

The Hpirifer received its name from the two highly developed 
spiral processes in the interior of the shell attadied to the 
dor»d valve. They were hard, like the substance of the shell, 
and sprang from near the hinge, each diverging outwards to near 
the border of the valve. They resembled two cork-screwB, but 
the loops were much closer together. These coiled calcareous 
wires almost filled the hollow of the shell {Fig. 23), and ample 
support was thus afforded to the fUamentous arms. In recent 
brachiopodfl, these arms do not always strictly follow the course 
of the calcareous loops. Among paheozoie genera the ease may 
have been simUar, so that the cumplcK calcareous coil of the 
spirifer may not i>erhapB indicate a corresponding complexity of 
the arms. But none of the few recent forma exhibit anything 
like the coiled processes of the spirifer. 

The Carboniferous system of Great Britain and Ireland is 
stated to have yielded between fifty aud sixty species of apiri- 
fers. Of course, in such a long list the gradations are sometimes 
veiy nice, and to an ordinary eye imperceptible, but there exist 
many marked diflerences notwithstanding. The general type 
of the apirifers is tolerably well defined They had both valves 
arched outwards, not concavo-convex as in the productua. 
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Their hiHp-lioe, like that of the latter shell, ran in a etaraight 
line, and their dorBol valfe was rueed along its centre fiwn 
hinge tu outer margin, into a prominent ridge, while m the 
ventral valve there was a furrow exactly to correspond. Mngt 
of the spefiiea were tmverseil by sharp ribs radiating frrtm tli« 




centre of the liinge-line like thuse on the surface of the common 
cockle. But some were quite smooth, retaining only the high 
lobe in the centre, Buch as S. glaher. In a noble specimen 
figured by M'Coy ^ under the name of S. pniiceja, the valves 
are covered with broad plaita that sweep gracefully outward 
from the ventre of the hinge-line. 

The spirifera vary more in form than in external omainent 
Some are triangular, otiicra nearly semicircular, others long and 
attenuated. In some species (as the S. f/laber), the central ritlge 
is very prominent, takmg up about a third of the entire area of 
the shell, and thus giving it n trilobed appearance. In ottera 
(ha S. tgmmetrieiu) it is less marked, and bears a minor tanow 
down its centre ; while in yet a third class (as in some a^eor 
mens of S. triganalie^ the median fold scarcely rises above the 
ribs that are ranged on each side. 

These old shells probably anchored themselves to the sea- 
lottom by means of a thin pedimcle, and lived by the vigorous 
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action of those complex fringed arms, whose screw-like skeletuii 
atill occasionally retnajns, and which coaveyed to the month 
the animal substances that served as food. 

I shall refer to but one other hrachiopod of the carboni- 
ferous rocks, interesting hoth as one of the forms of life still 
living in our seas, and as exhibiting, after the lapse of such a 
vast interval, the form of the coloured bands which adorned it 
when aUve. It is called Terfbratula luntata, a ahm delicate 
shell like its representatives of the present day, 
narrow at the beak, and hidging out towards 
the outer margin, which is elightly curved. 
The surface is smooth, and in the older 
Bpecimens has numerous concentric layers of 
growth, especially marked near the margin. 
The stripes of colour radiate from the beak 
outwards, and though the tint which once 
brightened them is no longer visible, it may be '''"uil^hiwtt""' 
that the vessel of the little terehratula, which 
lay anchored perhaps fifty fathoms down, was well-nigh as gaily 
decked as a felucca of the Levant. But the existence of these 
colour-bands is not merely interesting ; the geologist can turn 
it to account in investigating the physical conditions of an 
andent ocean. The late Professor Edward Forbes, after a careful 
series of investigations in the Mediterranean, brought to light 
the &ct, that below a depth of fifty fathoms shells ore but 
dimly coloured, and hence he inferred, from the numerous 
ooloured shells of the carboniferous limestone, that the ocean 
in which they lived was not much more than fifty iathnms 
deep.^ 

The lamellihnatBfiiate bivalve shells of the British Carbuni- 
feruus ^Htem, so for as yet discovered, number about 300 
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ti|)u<:iiw, belonging to genera some of which are still familiar to u«. 
There were the pecteru or teaUops, the pinnas with their be&rdB (d 
byaaue, the carditims or cockles, the mi/tUi and modiolre or nna- 
Hels, all sea-ahellB. Then among the fresh-water bivalves we oan 
'letect aeverol species of the unto or river mussel, that periup* 
Jiapluyed valves as silveiy in their lining aa those of our own 
pearl-muaeels. But with these well-knuwii forms there oo' 
existed some that no longer survive. Sueh was the conoearduait, 
a curious form that looks like a cardium cut throo^ the 
middle, with a long slender tube added to the dismembeml 
side (Fig, 35). The aeiculojiecteii. a shell allied to our common 




scalloi), and sometimes showing still its colour-banda (Fig. ; 
and the cfirdinia or anthracofia, a small bivalve that abounds in 
the shales and ironstones of our coal-fields, along with nautili, 
product!, and conularise at Goalbrook Dale, and with a thin 
leaf-like liugula at Burrowstounness. 

The Gnstropods of the carboniferous rocks in the Britisli 
Islands embrace from twenty-five to thirty genera, with upwards 
of 200 species. Here, too, we can detect some forme that 
have not yet passed away. The i/'och^ts, so universally diffused 
over the globe at the present day, also lived in the paiueozoic 
seas. Its companions, the natka, the twrritelln, and the 
tarho, likewise flourished in these ancient waters. Among the 
genera now extinct we may notice the mamphahur with iW 
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whorls coiled in a. flat diecoidal form ; and the belleropAon, 
with its simple coiled shell, resembling in general form the 
nautilus. The gastropods are numerously represeated in our 
gardens and woods, hy the Torious species of the snails, animals 
that have a most extenaive diatrihution over the world, and 
number probably not much under two thousand speisiea. ] 
a long time it was matter of surprise that no such land shells 
had ever been detected in the carboniferous rocks. Trees and 
forests had been turned up by the hundred, but never a trace was 
found of any air breathuig creature. From this fact, and from 
•i amount of vegetable matter preserved, it was once 




hastily inferred that the atmosphere of that ancient period must 
have been uniongenial to air-breathers ; that, in short, it was 
a dense heated medium of nosioua carbonic-acid gas, wrapt 
round the earth like a va.st mephitic exhalation, favourable in 
the highest degree to the growth of vegetation, yet deadly as 
the air of Avenais to all terrestrial animals. But this notion, 
like most other bold deductions from merely negative evidence, 
has had to be abandoned, for tracra of air-breathers have at 
last been found Among these, not the least interesting is the 
a papa, a surt of land-suail, which Sir Charles LyeU 
g with the bones of a small reptile, embedded 
I upright stgillaria stem in the carboniferous 
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rocks of Nova Scotk. Small us was the organiam, the eri- 
dence funuBhetl by it proved scarcely lese valuable than if it 
had been a large majnmal that miglit have afforded material for 
weeks of study. The eimilarity of the sheU to exietiiig fonoB, 
shoved tliat the ancient carboniferouB forests had at least out 
race of air-breathing creatures among their foliage, and tLat the 
atmoephere of the period could have differed in no material 
point from that of the preaent day, for as the Bnaila breathe by 
lungs, and require, consequently, a continual supply of oxygen 
to support respiration, they oould not have exiab'd in an atnios- 
phero charged with carbonic acid. 

The Cephalopoda, or highest claes of muHusca, are repre- 
sented among the British carhonifernua strata by seven genera. 
Of these the moat characteristic is the orthoetrat, so named 
from its shell being like a long straight horn. When tbe 
animal was young it inhabited a single-chambered sheU hke 
that of many of the gastropods, but as it increased in size and 
prolonged its shell in a straight line, it withdrew from ^e ftrst 




occupied chamber. This was partitioned off by a thin wall called 
a t^nm, through the centre of which a tube ran to the nanuw 
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I (Fig. 27). As the creature grew, chamber 
after chamber wna io this way fonneU, each of them quite air- 
tight, and traversed by the central tube. Suppoae a graduated 
series of diminutive watch-glasaea to be pierced by a long 
tapering glasB-tube in such a way that they should have their 
convex faces towards the narrow end of the tube, and be ar- 
ranged at short intervals, the smallest one placed near the point of 
the tube, and the lai^gest a little below the wider end. Suppose, 
further, that this piece of mechanism were placed within another 
tube tapering to an obtuse point, and that the edges of the watch- 
glasses fitted tightly to the inner siuface of this larger tube. 
Such would be a rough model of the stnictiire of the orthoceras. 
The inner tube that travetsea the centre of the chambers 
from end to end of the shell is called the ij/pkon, but its uses 
sfe very problematical. At one time naturalists inclined to 
r^ard it as intended to be filled with fluid, which, hy expand- 
ing the membrane of the tube, woidd compress the air in the 
diambers, and thus, increasing the specific gravity of the ani- 
mal, enable it to sink to the bottonx In this way, by emptying 
or filling the sjphonal tube, the orthoceras might have risen 
rapidly to the surface of the deep, or sunk as awiftiy to the 
bottom. But this view, so pretty that one wialies it were con- 
firmed, must be regarded as at least doubtful. The orthocera« 
more probably owed its power of progression to the action of a 
funnel connected with the breathing apparatus, whereby jets of 
water were squirted out that drove the shell rapidly along. 
The use of the air-tight chambers was, jierhaps, to give 
buoyancy to the shell so as to niake it nearly of the same 
specific gnivity aa water. Such a provision must have been 
amply needed, for Professor Owen mentions an ortboceras from 
Domfries-ehire that measured six feet in length, and similar 
gigantic specimens have been found in America. Unless the 
chambers in these shells had been air-tight, the animals that 
inhabit«d them would have been held down about as firmly U.' 
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one spot ae if tbey b&d been tied to a Bheetrauchar. Ku 
nudlusc could Iiaye possesaed much locomotion with bo ponder- 
I ous a tail, six feet or more in length, t« drag after H. But 
this iuconvenieiK.'e vaa obviated by the eimple plan of having 
the chambera close, and tilled with nitri^en or other gas evolved 
l^y the chemistry of the inmate. The shell, in this vnj, 
acquired no little buoyancy, and probably stood up like a 
church spire, the auimul keepiog ulose to the bottom to lie iu 
wait fur any hapless molhisu or trilobite that might chance to 
corae in its way. 

The nniUitiit (Fig. 27), which still lives in our seae, oocuned 
likewise in those of the Carboniferous period. It was a ooikd 
shell ; in tnith, just an orthuceras rolled up in one plane like > 
coil of watch-spring. An allied form, called the gonvXtitt 
(Fig, 27), had tiie margins of its septa of a zig-zag form, like 
the angles of the wall round a fortified town. When the diin 
outer coating of the shell is removed, the ends of these par- 
titiou-walla are seen to form strougly-marked augulated sutmO 
or joints, where they come in contact with the shelL Henw 
the name of the genus — anglfd shell. 

All these animals were predaceous. They did not confine 
themselves to the lower forms of life, polyps and medusie, nw 
even to the humbler tribes of their own sub-kingdom, but hes- 
tated not to wage war with creatures greatly higher is the 
scale of creation than themselves, sach as the smaller fishes 
They swarmed in the palaeozoic seas, and well merited the title 
of scavengers of the deep, that has been bestowed on the 
Bharks of our own day. They seem to have performed a func- 
tion now divided pm-tly among the fishes and partly among the 
higher gastropodous molluscs. And accordingly we find that 
as these latter tribes increased, the orthoceratites, and goniatitei, 
and ammonites waned. At the present day, of all the palisoioiii 
cephalopods there remains but one — the nautilus ; ^ and so rare 

±W la donblful, (or U is not usliliely (an iftor ill. ctis ptlcow^ 
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ifi it, that up to the yeai 1832, all sorts of faiiciiiii cutiuus 
as tu its nature and functions. In fa«t, the nantilna was a. eort 
uf myth which any naturalist could dresa up as he chose, miffli as 
the old poets used to picture the ship Argu. A siteeimen was at 
length procured and intrusted to the examination of Professor 
Owen, by whom its anatomy waa studied, and afterwards philo- 
sophically described in on elaborate monograph. Then, for the 
first time, did geologists obtain a true notion of the nature of 
those siphonated shells, which lie grouped by hiuidreda in the 
paltBOzoic and secondary formations. Yet we still want an 
account of the habits of tlie nautilus. The older naturalists 
alleged that it could at pleasure rise to the surface or sink into 
the depths of the ocean ; that it could spread out its fleshy 
anna and float across the waves or draw them m, capsize the 
little vessel, and so return to a creeping posture among the sea- 
weed at the bottom. These atatemente may to some extent be 
true, for the chambers of the nautilus shell must impart great 
buoyancy to it But in the meantime the story of tie sailing 
propensities of the animal is derived from a sort of mythic age, 
and must be viewed with some little suspicion. Until further 
obeervBtione are made, we shall neither fully understand the 
economy of the nautilus nor the habits of the cephalopoda of 
the palifiozoic seas. But the day is probably not far distAnt 
when such doubts will be set at rest, and we shall know 
whether the nautili and orthoceratites swam in argosies over 
the surface of the ocean, or, keeping ever at the bottom, left the 
waves to roll far above them, unvaried save perchance by some 
floating sea-weed or drifted tree. 
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CHAPTER VII. 

ClaMdftcation of the natanliBt not always eorretpondeDt witfi the order of nature— 
Inoongmooi grouping of animala in the inTertebfate diTiaion — BudlmattaKy skeleton 
of the oephalopods — Introduction of the Tertebrate type into creatton — Ic^thyottttt 
of the carboniferous rodu — Their state of keeping — Clasriflcation of foesil ftlbes— 
Placoids — Ichtbyodorulites— Ganoids — ^Thelr structure exemplified in the megrikih* 
thys and holoptycbius — Cranium of megalichthys — Its armature ot scalee— lOno- 
Bcopic structure of a scale — Skeleton of megalichthys — History of the diacoreiy of the 
holoptycbius — Confounded with megalichthys— External ornament of holoptydiinfl— 
Its jaws and teeth— Microscopic structure of the teeth— Paucity of terveMrial flMuia 
in coal measures— Insect remains — Belies of reptiles — Condnding summaiy of tlw 
characters of the carboniferous fauna — Besults. 

The organic remains hitherto described belong to that large 
division of the animal kingdom instituted by Lamarck, to com- 
prehend aU those whose internal structure is supported by no 
vertebral column, and which are hence termed invertebrate. 
They are for the most part protected by a hard outer covering, 
or exoHskeleton, which assumes many different modificationfl. 
We have seen it in the calcareous cells of the little net-like 
fenestella, in the geometric cup of the stone-lily, in the doable 
case of the cypris, and in the shells of the mollusca. But the 
order of nature does not always exactly correspond with the 
classification of the naturalist. His system must necessarily be 
precise, formal, and defined. One tribe ends off abruptly, and 
is immediately succeeded by another, with different functions 
and structure, and dignified with a separate name. But in the 
order of creation, such abrupt demarcations are few, for if they 
exist in the present economy, they can not unfrequently be filled 
up from the existences of the past. There is usually a shading 
off of one class into another, like the blending of the tints of 
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suuset, and it often l^fflea all the skiU of the profuuniieat aaa- 
tomiat, by drawiug a diBtinct line, to prononoce where the one 
diviaion actually ends and the other logins. Any name, there- 
fore, which is intended to embrace a large section of the animal 
kingdom, must ever be more or lees arbitrary. It viU extend 
too far in ojie direction, and embrace organisms which might 
be classed in a different sectinn. It will probably not extend 
far enough in another, and tbus leave beyond its pale animals 
possessing strong affinities to the minority of those included 
under it. More especially is this true of eveiy Bystem of clasai- 
hcation that proceeds upon the modifications of a single, feature, 
or upon mere negative resemblances. Suppose, for instance, 
that it were proposed by some highly systematic individual to 
divide the inhabitants of our country into two great classes — 
the beanled and the beardless. In the latter category he 
would arrange all the more quiet and orderly portion of the 
community, with perchance a tolerable intermixture of rogues. 
The bearded group would present a most motley array — ftom 
the fierc«-visaged heroes of the Crimea to the peaceablo stone- 
mason or begrimed pitman — -all brought into one list, and yet 
agreeing in no single feature save that of being like Bully 
Bottom the weaver, "marvellous hairy about the face." 
Lamarck's invertebrate division of the animal kingdom presents 
a grouping of yet more diverse characteristics, as cannot fail to 
be confessed when we recollect that it embraces among it« 
membeia the microscopic monad, the coral polyp, the lobster, 
the butterfly, the limpet, the nautilus, and the cuttle-fisL 
Cuvier's threefold grouping of the division into mo/ltaca, arii- 
<:ulaia, and radiata, has now supplanted the old name, though 
the latter is still retained as a sort of convenient designation 
for all the animals below the vertebrate type. 

The most highly developed of the recent cephalopoda exhibit 
) internal skeleton, in the form of a strong oblong bone^., 

hrhich the body is hung. In this respect they occupy a sort, 
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of iatenaediate plac« betwe«n the lower moUuBcs on the one 
hand, and the tower fishes on the other. Theirs is not a yer- 
tebral cohunii, but rather, as it were, a foreshadowing o{ it : 
not, however, as a link in some proeesB of self- development from 
mollusc to fish, fur these higher cephalopoda do not appear to have 
been created until Hehes and reptiles had lived for agea. Tbevov 
tebrate type has been traeed well-nigh ae far back into the put 
ae we have yet been able to penetrate. Once iuttoduced, it hu 
never ceased to exist, but in the succc«aivc geological ages has been 
ever receiving newer and higher modifications, reaching its per- 
fection at length in man. The vertebrate form of Btracture fulfils 
the highest adaptations of which terrestrial beings seem capable. 
We can hardly conceive of coTporeal existence reaching a more 
elevated sbige of development, save in thereby becoming lesB 
material, and receiving an impartation of some higher element. 
The vertebrate animals display not merely the most complexly 
organized structures, but manifest in their habits the workings 
of the higher instincts and alfcctions. Among the invertebrate 
tribes the propagation of the epeciea is, in the vast majority of 
cases, a mere mechanical function, like that of feeding oi re- 
spiration, and the eggs once deposited, the parent has no further 
care of her young. But among the vertebrated animals, on the 
other hand, the perpetuation of the race forms the central jnlbr 
round which the natural affections are entwined. It parcels 
out every species into pairs, in each of which the mates are 
bonnil tJigether by the strongest ties of attachment. It gives 
birth, too, to that noble instinct which leads the mother to 
expose her own life rather than suffer harm to come to ha 
offspring. It produces, at least in man, that reciprocal atladb- 
ment uf offspring to parent, from which springs no small part 
of all that is holiest and best in this world. These attributei, 
to a greater or less extent, belong to all the vertebrate animals, 
from the fish up to man. In looking over the relics of animal 
life in the earlier geological formations, we are apt, as we gue 
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on the massive jawa and teeth, the strong bouy armoui 
the aharp, bM-bed BpineH, to thitik only of a time of war and 
caniage, when the larger forms preyed upon the emaller, or 
rnthlesBly Bought to exterminate each other. Yet should we 
not remember, that with all these weapons and instincts of self- 
preservation there were linked attributes of a nobler kind ; that 
the earliest vertebrate remains point to the introduction — 
though perhaps in but a rudimentary form — of self-sacrificing 
love into our planet 1 The march of creation from the first 
dawn of life has ever been an onward one, as regards the de- 
velopment not only of organic Btructure but of the social rela- 
tions ; and if it be true that physical organization iinds its 
.ardie^pe in man, it ie assuredly no leas so that in him too we 
meet with the highest manifeEtation of those instincts which, 
}iy linking individual to intlividunl, have ever nuu-ked out the 
vertebrate tribes of animals from the more machine-like cha- 
racterifltica of the invertebrate. 

We pass cow to the vertebrate animals, and shall look for a 
little into the general grade and organization of the lishes that 
characterized the carboniferous rivers and seas. 

A collection of the ichthyolit«s of the carboniferous rocks pre- 
sents almost every variety in the mode of preservation. The 
smaller species are frequently found entire, and show their 
shinijig seajes still regnlarly imbricated as when the creatures 
were alive. The larger forms seldom occur in other than a 
very fragmentary condition. The limestones yield dark-brown 
or black, oblong, leech-like teeth, which are found on exa- 
mination to be those of an ancient family of sharks. The 
shales are often sprinkled over with glittering scales and 
enamelled bones. Some of the coals and ironstones yield in 
abundance long sculptured spines, huge jaws bristling with 
sharp conical teeth, and detached tusks, sometimes five or six 
inches long. In short, the naturalist who would decipher the 
ichthyology of the Coal formation, finds before him, in the rocki^ 
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not a suite of correctly arranged, and carefully preserved 
BkeletoDs, but a set of di^ointed, unconnected bones ; here a 
tooth, there a scale, now a jaw, now a dermal plate, tdl mingled 
at random. And ;ot, thougli tho evidence lie iu this tragmen- 
tary state, our knowledge of these ancient fishes is far from 
being correspondingly meagre. To such preciaion baa the science 
of comparative anatomy arrived, that a mere ecale or tooth is 
often enough to indicate the nature and functions of the indi- 
vidual to which it belonged, and to establish the existence in 
former times of a particidar -clo^ or order of animals. Thus 
the smooth rounded teeth of the mountain limestone are found 
to present both esternally and internally a close resemblance to 
the hinder flat teeth of the sole living cestraciont (G Pkiiippi); 
and we hence learn that a family of sharks, now all but estinct, 
abounded in the palaeozoic seas. The occurrence of a set of 
dark, rounded little objects, which by the unpractised eye 
would be apt to be mistaken for pebbles, is in this way suffi- 
cient at once to augment our knowledge of the various animals 
of the Carboniferous period, and to establish on important &ct 
in the history of creation. 

Of the four great Orders into which Agassiz^ subdivided the 
clofls Pisces, the Placoids and Ganoids, agreeing on the whole 
with the cartilaginous fishes of Cuvier, occur abundantly in the 
palteoaoic rocks, while the Cycloids and Otehoida, answering to 
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Cuvier's osseous fshee, began in the Secondary furmatiuna, and 
are found in all subeequeut deposits. The two former reaciied 
their maximum in the eiirlier geological nges, and have been gra- 
diially dwindling down ever since, till now they are repreaeiited 
by comparatively few geaera ; the two latter are emphatically 
modem orders ; they have been constantly increasing in num- 
bers since theii creation, and swarm in every sea at the present 
day. The carboniferous ichthyoiites belong, of course, only to 
the two first-mentioned orders — the placoids and ganoids. 

The Flacoid, or Plagiostome fishes, are familiar to ua all as 
exemplified in the common thombock and skate of our markets. 
They are covered with a tough skin, which either supports a 
set of tuberculed plates as in the thombiick, or a thick crop of 
small rounded bony points or plates, as in the shagreen of the 
sharks. The head consists of a single cartilaginous bo.Y. The 
spinal column is likewise foiTued of cartilage, built up in the 
higher genera of partially ossified vertebra, The tail is hetero- 
cercal or unequally lobed, inasmuch as the spinal column, 
instead of ending off abruptly as it does in the herring, trout, 
and all our commoner fishes, passes on to the extreme point nf 
the upper half of the taiL This is a noticeable feature, for it 
has been found to characterize all the fishes that hved in the 
earlier geological periods. The fins are often strengthened by 
strong spines of bone, which stand up in front of them and 
serve the double purpose of organs of progression and weapons 
of defence. The teeth vary a good deal in form. In the larger 
number of existing placoids they are of a sharp cutting shape, 
often with saw-like edges. Among the sharks they run along 
the jaws in numerous rows, of which, however, only the outer 
one ia used, those behind lying in reserve to fill up the sueces- 
sive gape in the front rank. The teeth do not sink into the 
jaw, as in the ganoids, but are merely bound together by the 
tough integument which forms the lips. Another form of tooth, 
abundant among the ancient placoids, and visible Qn.wi&% Qll^^vAfe 
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at th(! preseiit day, showB a smooth rounded 
aurface, tlie teeth being closely grouped 
together into a. sort of tessellated pavement 
which, in the recent Bpecies, runs roond the 
inner part of the jaws, while a row of conical 
tcctli guards the entrance of the month. 

The animals which poBseas these charac- 
teristics include the various tribra of the 
sharks and rays, and form the highest group 
(if fishes. They are all active and preda- 
ceouB, frequenting every part of the ocean 
where their prey is to be found. The for- 
midable opines and hideous " chasm of 
teeth " belonging to the bulkier forme, 
render them more than a match for any 
other denizens of the deep, and thus they 
reign in undisputed supremaey— the acouige 
of their congeners, and a terror to man. 

The seas of the Carboniferoiw em 
!iboimded with simikir predaceous fishes. 
Kume 1)1 "which must have been of enor- 
mum size. An entire specimen has never 
been obtained ; nor, from the destructible 
nature of the animal framework, can we 
exjiett to meet with one. But the hard 
bony parts of the animals, those capable 
in short of preservation in mineral aeaunu- 
lations, are of common occurrence in Uib 
mountain limestone beds and even among 
the coal seams. Tlie dorsal spines or iehihy- 
odoruliies, are especially conspicuous (Fig. 
28). They stood up along the creature's 
back hke masts, the fin which was attached 
°' ti^ the hinder margin of each, representing 
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tho Bail. Tliti apiiie could be raised or depressed at ploit- 
suie, ite nioveuiente regulating those of the lin, much as the 
raJBing or lowering of tie mast in a boat influences tho lug- 
sait that is attached to it. The general form of these spines 
was long, tairering, and more or less rounded. But they 
aBsumed many varieties of surface omajnent. Some species 
were ribbed longitudinally, and had along their posterior 
concave side a set uf little hoots somewhat lite the thorns 
of a rose. Others seem to have been quite smooth, and of 
a flattened shape, with a tliick-Ret row of sharp hooka down 
both of the edges, lite the spine on the tail of the sting- 
ray of the Mediterranean. Sueli weapons have considerable 
resemblance to the barbed spear-beads of savage tribes, and it 
is certain they were intended to act in a similar way, as at once 
oflensive and defensive arms. The tootled spines of the sting- 
rays are still used in some parts of the world to point the war- 
rior's spear and arrow. Is there not something suggestive in 
the fact that these stings, after having accomplished their 
appointed purpose as weapons of war in. the great dAp, should 
come to be employed over again in a like capacity on the land ; 
and that an instmment, which was designed by the Creator as 
a means of protecting its possessor, should be turned by man 
inta an implement for gratifying his cupidity and satiating his 
revenge 1 Other ichthyodorulites are elegantly ornamented by 
long rows of tuberculed lines arranged in a zig-zag fashion, or 
in Btraight rows tapering from base to point In all there was 
a blont unomamented base, which anuk into the back and 
served as a point of attachment for the muscles employed in 
raising or deprcBsiug the spine. In some specimens the outer 
point appears rounded and worn, the characteristic ornament 
being effaced for some distance — a circumstance which probably 
indicates that tliese fishes frequented the more rocky parts of 
the sea.^ 
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The placoid teeth of the carboniferous rocks show the usual 
forms of the order. Some of them are sharp and pointed, as 
those of the hybodonts ; others have a smooth, rounded, or 
plate-like form, as in the cestracionts. The latter often show 
a dark brilliant surface, and might be readily enough mistaken 
for well-worn pebbles. In the oblong rounded teeth of psamr 
modus the surface is densely covered with minute points like 
^ains of sand, whence the name of the genus, lliese teeth, 
when sliced and viewed under the microscope by transmitted 
light, exhibit a complex reticulated internal structure. 

Agassiz' second great Order of fishes is named Ganoid, from 
w Greek word signifying brightness, in allusion to the brightly en- 
amelled surface of their dermal covering. They differ from the 
placoids in having their outer surface cased in a strong armature 
of bone, which is disposed either in the form of large overlapping 
l)late8, as among the strange tortoise-like fishes of the Old Red 
Sandstone, or as thick scales, which are either placed at inter- 
vals, as along the back and sides of the sturgeon, or closely im- 
bricated, as in the stony-gar (lepidosteus) of the American rivers. 
This strong, massive skeleton constitutes in many genera the 
sole support of the animal framework, the inner skeleton being 
of a gristly cartilaginous kind, like that of the skate. On this 
account traces of the vertebral column are by no means abun- 
dant among the older formations. But as the ganoids form a 
sort of intermediate link between the placoid or gristly fishes on 
the one hand, and the bony fishes on the other, they are found 
to present in their different genera examples of both these kinds 
of structure. Thus, the skeleton of the sturgeon counts of a 
firm cartilage, out of which the vertebra are moulded, so that 
this fish was at one time ranked with the sharks in the cartila- 
ginous tribe of Cuvier. The skeletons of some of the older 
ganoids (as holoptychius), on the other hand, manifest such a 
decidedly osseous structure, with sometimes so much of a rep- 
tilian cast, that the bones were at first referred to some huge 
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extinct sauriana. The head of the ganoid fishes is encased in a 
set of large massive plates of bone, and the jaws are furnished 
with, several rows of small sharp teeth, intermingled with a less 
iiimierouB hut larger-sized and more formidable kind. The 
interior of the mouth likewise displayed in many ancient genera 
groups of palaM teeth, so that the dental apparatus of these 
animals must have been very complex and complete. The tail 
in all the older ganoids was beterucercal, like that of the 
sharks, the lobes being not unfrcquently densely covered with 
minute overlappJDg scales of bone — a peculiarity which also 
(extended to the fins. But the fins were sometimes strengthened 
in another way by having the foremost ray greatly thickened 
and enlarged, so as to form a stiff spine like the ichthyodomlites 
of the placoida. The whole of the external surface of these 
ganoidal fishes glittered with enamel, and was usually sculp- 
tured in the most graceful patterns or ornamented with fine 
lines and punctures so minute as to be almost invisible to the 
naked eye. Every plate, scale, fin-ray, nay, the very lips exhi- 
bited the characteristic enamel mottled over with the stylo of 
ornament peculiar to the species. And when we think we have 
exhausted the contemplation of these beauties, it needs hut a 
glance through an ordinary microscope to assure us that the 
unassisted eye catches only a superficial glimpse of them. The 
more highly we magniiy any portion of these old-world mum- 
mies, the more exquisite does its structure appear. 

In the carboniferous rocka of Great Britain, upwards of forty 
species of ganoids have been detected. They have a wide range 
in size, the smallest measuring scarce two or three inches, while 
the largest, to judge at least from the bones which they have 
loft behind, must have reached a lengtli of twenty, or perhaps 
even thirty feet. The lesser genera (Fig. 29) were character- 
ized by small, angular, glossy scales, usually ornamented either 
with a very minute puuctulation, or with fine hair-like lines 
which sometimes exhibited the most complicated patterns. 
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The ecalea were likewise occaaioDally gerrated along the espoitf 
I edges — a style of oruament vhioh gives no little rictmesa to 

I the aspect of the dermal covering. The fins, closely imbrieated 
' with Eiiukll angular scales uf bone, sometimes displayed a 
striated ray in front, but this neither possessed the strength 
nor the formidable aspect of the corresponding spine among 
the placoids. The head was encased in a set of bony plateE 
fitting tightly into each other, and ornamented with vari- 
OHK patterns according to tho species. ' 




small and fine, resembling the bristles of a brush, but in at 
least some species intermingled with teeth of a larger size. 
The minute style of dentition in these sraalJer fishes has been 
thought to indicate their habit of keeping to the bottom of the 
water and feeding on the soft decaying substances lying there. 
Nowhere have I seen the small rhomboidal scales of the palre- 
onisem so abundant as among dark shales charged with cypris 
cases and iragmcnts of terrestrial plants, and on such occasions 
the idea has often occurred that these graceful little fishes, like 
the amia of the American rivers, may have fed on the cyprides 
that swarmed along the bottom of the estuary. 

Scattered over the fresh-water limestones, ironstones, and 
shales, or crowded t<^ether along the upper surface of some »f 
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the coal-seams, tliere occur the remains of two very remarkable 
ganoidal fiahea. Tiiey deserve our attentioa for their ga'at size, 
their complex orgauizatioii, aiid the important plaxie in the scale 
of aaiind life which they occupied during a former period. One 
of them has been called mtgalicfithys or ^reat fish — an unhappy 
name, since the animal did not reach the dimensions attained 
by not a few of the other ganoids, and woa even surpassed by 
at least one of ita contemporary congeners. The other ia known 
as the holoptychius or wrmlded scale. A more detaUcd esami- 
nation of these two animals will perhaps best enable us to 
understand the character of the ganoid fishes that lived in the 
waters of the Carboniferous period. 

The megalichthys had an average length of about three feet. 
Like the other members of the ganoid order it had a glittering 
exterior, every scale and plate being formed of strong bone, and 
coated with a bright layer of enamel. Wherever tliis polished 
surface extends, it is found to be ornamented with a minutt: 
punctulatioii, the pores of which lie thickly together like the 
liner dota of a stippled engraving. The cranial platea are 
farther varied by a scattered and irregular series of larger punc- 
tures that look aa if they had been formed by the insertion of 
a pin-point into a soft yielding snrfaca The examination of 
the head of the megalichthys as depicted in Fig. 30, will convey 
an adequate conception of the structure of a ganoidal cranium. 

The snout is formed of an elegantly curved bone (c) fringed 
along its under edge with minute thick-set teeth. On either 
side it is flanked by two triangular plates, which occupy the 
space between the intermaxillary bone (c) and tlie upper jaws 
{q q). The eye orbits seem to have been at the comers of tlie in- 
termaxillary, circumscribed by the aub-orbitals (/?A) and thd eth- 
moids (h). The massive interm axillary bone had its posterior 
margin of an angular form, and into the noteh thus formed there 
was wedged the anterior end of a long atrip of plates, which 
expanded aa they approached the occipital part of the cranium^ 
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and terminated in tliree irregular plates that may represent tiie _ 
place of the parietal and ocdpital bones. The space between 
thia belt and the upper jaws was occupied by three large plates 
(_ikl) which in other ganoiiJs, as the oHeolepk of the Old Bed 
Sandstone, were united into a single pre-opereular bone of con- 
siderable size. The opercnliun or gill cover (m) was relatively 
large, and bad an elegantly curved anterior margin. The 
upper jaws (j) were comparatively small, and had a fringe of 
small conical teeth. TJie under jawa (r r) reached to nearly 
double the length of the upper, and were similarly set round 
with teeth. The teeth of the megaUehthys, lite those of the 
living lepidosteus, consisted of two kinds, of which the one 
bristled thickly along the outer edge of the jaw as sharp minnt* 
points, averagmg about a line in length, while behiad this outer 
row lay a scattered series of much larger teeth that sometimes 
rose nearly an inch above the jaw. The external surface of 
these more formidable tusks ia amooth, glittering, and minutely 
striated with fine lines from base to point, while the root of 
each is farther marked by a circle of short, deep, longitudinal 
furrows. The internal structure displays a close ivory, which 
when viewed under a microscope is seen to be made up of fine 
tubes radiating from the outer surface to the hollow central 
eavi^. Some of the bones in the interior of the mouth seem 
to have been also furnished with an apparatus of teeth. The 
under surface of the cranium between the arch of the under 
jawa consiste of two oblong central plates (() surrounded by a : 
of sisteen irregular ones, eight on each side, and terminated in 
front by a large lozenge-shaped scale (m) which fits into their angle 
of junction on the one side, and into the symphysis of the jaws 
on the other. In the osteokpis there were likewise two large 
plates terminating in a similar lozeuge-shaped one, but without 
the flanking niwe. In tlie famous Old Red holoptychius of 
Claahbennie, the under surface of the head had but two plates, 
and in the still older and more gigantic asterolepis, there v> 
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^ but one. It is the delightful task of the palasontcSlogist to 
compare and contrast these various pieces of mechanism, to 
mark how what seems lacking in one comes to be supplied in 
another, and to trace out the various modes in which, during 
the ages of the past, Nature has wrought out the same leading 
plan, sounding, as it were, an ever-changing series of modula- 
tions upon one key-note. In comparing together the ganoids 
of the Old Red Sandstone and the Carboniferous rocks, he 
finds that in the asterolepis — a fish belonging to the lower 
part of the former formation — the pointed arch formed by 
the sweep of the lower jaws is filled up by a single plate like 
some abbey-window with its muUions knocked away, and built up 
with rude stone and lime. Higher in the same group of rocks 
he meets with the cranium of the holoptychius, where there is 
one straight central muliion running in an unbroken line from 
the angle of the arch to its base. In the osteolepis ^ he sees 
this muliion branching into two at its upper end, so that the 
window consists of three divisions, as in the simplest style of 
Gothic. Passing upwards into the Carboniferous system, he en- 
counters a still more ornate arrangement in the cranium of the 
megalichthys. The central muliion with its two upper branches 
still remains, but it is flanked by an additional one on each 
side, from which there spring six cross bars that diverge ob- 
liquely with a slight curve, so as to join the outer arch and 
subdivide the window into nineteen compartments. So varied 
are the plans of the Divine Architect in what to mian may 
seem such a little matter as the piecing together of a fish's 
skull. 

The body of the megalichthys was cased in an armature of 
as solid and glittering bone as that which defended its head. 
Where the plates of the cranium ended off they were succeeded 
by large rhomboidal scales that crossed the body obliquely,. and 
overlapped each other like the metal plates in the antique scale- 

1 Hui;b Miller's Footprints of the Creator, p. 91. 
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armour. Eacli scale consisted of two parts, of whith one had 
a rhomboid form aad waa covered over with enamel, wliiie the 
other ran roond the two inner Bides of the rhomb aa a broad 
unenamelled selvage deeply indented along its cf ntre. It was 
the enamelled portion alone that formed the outer surface, the 
rough unpolished border being covered bj the overlapping edges 
of the adjoining scales. The scales had not a uniform thickneea, 
but were strongest at the covered part from which each thinned 
off to tlie outer edges. In this way the thin edge of one scale 
pressed down on the thick part of the subjacent one, and a 
covering of uniform strength and smoothness was produced. 
Looking at a Bet of these scales a& they still occupy their original 
positioQ on the creature's body, it is scarcely more than a half of 
each which meets our eye ; for the unenameUed border occupied 
about a third of the entire surface, and a fourth of the remainder 
was covered by the overlapping scales. The efl'ect of this arrange- 
ment must have been to combine great strength with the moefi 
perfect flesibilitj. Notwithstanding the bulk of his helmet and 
the weight of his scale-armour, we cannot conceive the megal- 
jchthys to have been other than a lithe, active, predaceoua fish, 
dealing death and destruction among the herring-like shoals of 
little palfeonisci and omblypteri, though able to maintain per- 
haps but a doubtful warfare with his more bulky contemporary, 
the holoptychius. The internal atructure of the scales of the 
megahehthys exhibits the same provision for combining strength 
with the lcfl£t possible amount of material. Viewed in a trans- 
verse section under a magniiying power of about eight dia- 
meters, they are seen to consist of three layers of bone, each 
possessing a peculiar structure. The outermost is formed of a 
tes»ellated pavement of minuto round ocelli, having a fine brown 
colour, and placed close togetiier with considerable regularity. 
They somewhat resemble little wheels, the axle being either a 
dark solid nucleus or a small circular aperture, whence there 
radiates to the outer rim a set of exceedingly minute fibres 
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which were originally hollow, and aenred as canals to cany on 
the growth of the scale. The vacant space left where four 
wheels impinge on each other, forms one of the pores that cover 
the enamelled surface of the scale. The whole structure of this 
outer layer very closely resembles that presented by the intenial 
part of the base of the teeth, save that the confluent lobes 
shown in the teeth become in the scale detached into separate 
and independent circles. The central stratum of each scale is 
composed of a loose open network of cancellated bone that 
passes into the layer on either side, and resembles in its general 
texture the osseous vertebrae of the same fish. The under 
layer, one end of which rested immediately on the skin, 
approaches more to the fimmess and solidity of the outer one, 
but, in place of a tessellated, ivory-like pavement, it had a dose 
fibrous texture, with here and there a scattered cavity, and the 
fibres were matted together so as to resemble the more solid 
structure of the cranial bones. The effect of this triple arrange- 
ment must have been to impart great strength and lightness to 
the external armature of the fish ; the middle spongy layer 
serving, by its porosity, at once to deaden the effect of any blow 
aimed at the outside, and to give bouyancy and lightness to 
what would otherwise have been a coat of mail weU-nigh as 
ponderous as that of a feudal chief. One can hardly conceive 
any implement of warfare in use among the lower animals of 
strength enough to pierce this massive covering. But we shall 
find as we go on that if the megalichthys had a strong defensive 
armour, a bulkier neighbour had a still stronger offensive one, 
and that the enamelled plates of the one fish were scarcely a 
match for the huge pointed tusks of the other. 

The megalichthys had^^an osseous skeleton, with vertebrse of 
a discoidal form. These internal bones when viewed under the 
microscope are found to display an open cancellated structure, 
resembling that of the central layer in the scales. It thus 
appears that this ancient fish was not merely defended by a 
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iard external armour, but possessed an otiually solid Ira 
work of bone within. 

Mingled witli the scales and bones of the megaUchthya, there 
are found the remains of a still larger fish, to which the n 
of Hoioptychiua has been given. Its external ornament differed 
entirely from that of the animal lu*t described. It possessed 
teeth sometimes six or seven times larger, and jaws, [ 
bones of a form and dimensions tutally distinct. Strange ae it 
may eeem, however, these two fishes have been constantly and 
systematically confounded from the time when they were first 
discovered. Two or three years ago, there might be seen ii 
the British Museum several specimens of the holoptychius, o 
which some bore the correct nam-e, while the rest were labelled 
" Megalichthys ;" and a similar error prevailed iu several of the 
other museums.^ The confusion, can he traced very distinctly 
hi the memoir of Dr. Hibbert, who for the first time described 
the remains of these fishes, and wrote according to information 
received from Agassiz. 

In the autumn of 1832, the attention of the scientific public 
of Edinburgh was directed to the extraordinary character < " 
some fossil remains obtained from the lime-quarries of Buidie- 
house, a village about four miles to the south of the town. 
Dr. Hibbert visited the locality, and soon saw enough to excite 
his lively interest in its thorough investigation. The Royal 
Society of Edinburgh warmly supported his exertions, and by 
their means a large suite of specimens was eventually obtained, 
which the Doctor from time to timo described as they i 
successively received. At the meeting ^ of the British Associa- 
tion in Edinburgh, in 1834, the specimens were exhibited before 
the Geological Section, and a memoir upon them read by their 
successful discoverer. On the conclusion of the paper, a lively 
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diBCUBBion enmied upon the nature of the aDimnI to which the 
ecoIcB and teeth had belonged. Dr. Hihbert aigned, from the 
deeply-furrowed teeth, and the atrong, maaaive cranial platt*. 
that the animal must have been a reptile, and supported his 
aaeertion by dd email amount of anatomical EkilL In the midat 
of the discufidon, a mesaage was eent to the great ichthyologiat 
of Neufchatel, who happened to be at that time busily engaged 
in the Zoolo^cal Section. Faeaing over tho foaaib as they 
lay grouped upon the table, with that quick perception ftar 
which he is BO justly celebrated, Agassiii at once dedded that 
the bones must have been those of some large and hitherto 
imdeecribed^A. Such a decision from such au authority pro- 
duced of course no Httle sensation, and the naturalist waa toH 
with some surprise that the remains had just been elaborately 
described as those of extinct reptilea " Reptiles !" thought 
Agasaiz, and again liia quick eye darted over the table ; hut 
the fosaila would yield no other answer than what they had 
already given. Despite their seeming reptiliMi character, they 
were undoubtedly ichthyic, though belonging to an animal up to 
that time unknown- In the completed memoir which Dr. Hibbeit 
subsequently submitted to the Eoyal Society, hia mistake was 
freely acknowledged, and the remains there flourish as those of 
a true fish. But with this amendment a grave error of asotiher 
I kind was committed, though in this the Doctor seems to han 
i been supported by the authority of Agasaiz himsel£ The laigB 
bones, scales, and teeth of the Burdiehouee limestone, wera aH 
indiscriminately thrown into one genus, to which Agasdz ^-n 
the name of Megahchthys ; and in the memoir we find l^e di& 
ferent kinds of scales and teeth described and figured widioot 
the sUghtest intimation or suspicion that they might possibly 
have belonged to difi'erent animals. The novelty of the disco- 
veries soon attracted general attention to Dr. Hibbert'a paper. 
It was quoted or referred to in almost every scientific work 
treating of general geology, whUe in some instances {as in Dr. 
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Buoklaiui'd Brkli/eiMjfer I'reatise) tlie emnieouBiy-uaiued buiiea 
were re-eagraved. A tooth from the Fife coal-field, drawn for 
one of the woodcuts iu a popular elementary mauual, was aleo 
uanied megaKckthys ; an error perpetuated through every 
edition till the laat, where the tootJi haa been restored to 
its true owner — the holoptychius. In truth, no two organisniH 
Ikave ever been so maltieated ; and if the reader will kindly 
bear with me a little further, it will not be difficult to show 
him that the holoptychiuB had peculiarities of its own quite ua 
distinct as those that have come before us in the megalichthye, 
and that each animal has a full and legitimate claim to a sepa- 
rate and independent niche in the gaUeiy of fossil fishes. 

The word holoptffchius means, as I have said, " wrinkled nt 
folded all over," — a name truiy expressive of the peculiar fityle 
of omament displayed by every part of the exterior of the ani- 
mal's bodyT The head-plates, which are of great size, exhibit a 
tine corrugated ehagreen-liko sur&ce, roughened into knobs, and 
wavy lines of confluent tubercules, that remind one disposed to 
be fanciful, of a frosty December moon with ita isolated peaks 
;ind confluent mouutaiu chains. The scales are of a rounded or 
ijval form, and vary from leas than half an inch to fully four or 
even five inches in diameter. Their upper side consists of two 
ports, one of which with a crescent shape lay beneath the over- 
lapping scales, while the other passed outwards to form a portion 
of the outer visible surface. The part that was hidden by the 
overlapping scale was smooth, with a finely striated suriacu. 
The exposed portion displayed the usual corrugated sculpturing, 
many of the little tubercules having striated sides, and showing, 
in consequence, no little resemblance to the star-like knoljB on 
the dermal covering of the Old Red Sandstone asterolepis. The 
inner surface of the scales was concave, with a central prominent 
oblong point sunouikded by enciccliug scaly ridges, and forming 
what ia called the centre of ossification.^ 
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But perhaps the moet remarkable and chaiBcteriatic parts of 
the carbimifen>ua holoptychiuB were its jaws and teeth. As we 
iiii^ht readily ctuvjocture from the great size and strength of 
the 8cali>8 and cranial plates of this fish, its dentition was of » 
correspondingly massive type. The nnder jaw, with the usoal 
comigatcd ornament, frequently exceeded a foot in length, nd 
ditfphiyctl along its upper edge a thick-set group of teeth. Of 
thciH^ then' were two kinds— one of a smaller size and more 
blunteil fonn, with short indented ftirrows at their base ; the 
other of a greatly more formidable size, groiq)ed at intervals 
among the smaller ones. The front end of each under jaw bore 
one of these long conical tusks, serving as it were to guard the 
entrance of the mouth. Each of the larger teeth had a base 
stntngly marked with longitudinal fnrrows, and sank deep 
into the jaw, with the bone of which it sometimes anchylosed.^ 
'Die part of the tooth above this socket had an oval form, so 
flattened as to present two cutting edges, one facing the finont, 
the other the bnok of tlie mouth, and meeting at the upper end 
of tlie tooth which was sharp and pointed. Such large conical 
tusks may frequently be obtained, having a length of two or 

tpcoimens in my own collection. None of my holoptychian scales show incontettaUv 
the proportion of the covered to the exposed part. Judging flrom the aspect of one d 
them, the wrinkled portion occupied perhaps about three-fifths of the entire scale, 
the remaining part being covered by the overlapping edges of those adjacent ; fortbe 
characteristic corrugated surfoce was essentially an external ornament, and ceased at 
the pi'int where the external bone passed into the interior. I may remark, thattbe 
upper side of the scales is not very fluently seen in the Burdiehouse limestone, tbe 
rough surface usually adhering to the rock, and leaving only the smooth inner side 
exposed. Out of seven specimens from that locality, only one shows the upper side, 
and that by no means in a perfect state of keeping. The structure alike of scales and 
bones can be seen to much greater advantage in the shales, ironstones, and coals of the 
i*oaI-field!i, where, owing to the soft nature of their matrix, the fossils can be readily 
cleared and exposed. 

1 I have seen detached teeth, wherein the length of the root, or part imbedded in the 
jaw. tripled that of the exposed part, rinking four or five inches into the bone without 
any trace of anchylosis. Whether these huge tusks belonged to the upper or under 
maxillary, I do not pretend to say, though no specimen of the under Jaw, which has ever 
come under my notice, would accommodate half of such a deep-sunk base. 



THE arORY UI* i 



three inditK, while ocL'asionally they range as hi 
' e snialJer teeth addoiii reathiug bo mui'li 




1 



It is difficult to see how, with such a fomiiilable dentition, the 
Jaws could readily close. In mine specimens I have seen deep 
hoUowB beside the bases of the teeth, wliicb may poBsibly have 
i-eceived those of the opposite jaw, but the gigantic taske at the 
entrance of the mouth Beem to have atood high over the jaw, 
passing outside like those of the wild-boar. If this be correct, 
the jaw of the holoptychius would anite the mechauifim of both 
the alligator and the crocodile — its recipient hollows being 
analogous t^j the tooth-pits in the former tribe, and its pro- 
truded teeth to the sioularly exposed teeth of tlie latter. 

When we bring the microscope to bear upon the elucidation 
«f the structnre of these ancient teeth, it aeema as if our labour 
had but just begun ; and that no fer from having by an external 
acrutiuy eshausted all that they have to show us, our know- 
ledge of thein can be but scanty and superficial until we have 
studied them carefully under a magnifying power. Micro- 
scopic sei^ons of such organic remains are prepared in t 
Eurao way as those of the fossil woods aJretidy noticed ; a 
a more interesting or beautiful series of objects cannot be a 
mved than a set of slices of these fossil-teeth. 

Viewed, then, in longitudinal section from base to point, the ^ 
I«rt above the fluted root of one of the large teeth of the holo- 
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ptychius is secu to consist of minute hair-like fibres of extreme 
tenuity, which proceed in straight lines from the outer surface' 
to the interior. At right angles to these, and parallel with the 
outer edges, there is a set of dark widely-placed lines conforming 
to the outline of the tooth, like so many long sugar-loaf shaped 
caps, placed within each other. When this part is cut across, 
and viewed in transverse section, the tooth is observed to be of 
a flattened oval form, with the same fine fibres or tubes radiat- 
ing from the centre, and traversed by the same dark bands 
which now assume the form of concentric rings. The appearance 
thus presented reminds one at once of a cross section of some 
dicotyledonous tree, the dark bands resembling the annual layers 
of growth, and like these resulting from a similar thickening of 
the internal tissue. The upper part of the tooth is solid and 
the concentric rings few ; the middle exhibits an increase of the 
rings, and possesses, moreover, a hollow centre or pulp-cavity,^ 
with the usual, diverging fibres. Here the oval form is well 
shown, and the encircling rings are considerably flattened at 
the ends of the long axis. 

The lower portion of the tooth exhibits a much more com- 
plicated texture. Externally it is marked by deep longitudinal 
furrows, that run down the enamelled sides and sink into the 
jaw. When cut across at this ribbed part, the tooth is found 
to present the most complex and graceful internal structure. 
Tlie prominent ridges between the furrows are seen to be pro- 
duced by crumpled folds of the substance of the tooth, which 
roll inwards towards the centre, coalescing with each other, and 
forming intricate groups of circling knots and folds. In some 
places they seem all but separated from each other into little 
circles, pierced with a central aperture, and recall the aspect of 
the upper layer in the scale of megalichthys. Each of these 
loops and folds presents a texture exactly similar to that of the 

1 This hollow centre may be seen occasionally filled up by a sharp conical tooth like the 
phrof^nocone of a helemnite. 
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iipptr part of thu tooth. The name minute hair-like tubes, 
ilarkened and thickened in the long axis, radiate towards the 
ventre ; the same concentric bands run fnim centre to c 
ference ; su that the lower part of the tooth seema, aa it were, 
n^e up of a bundle of smaller teeth partially melted into each 
other. Between these Icjopa and folds circiUar meshea frequently 
occuT] and a:dd to the complexity aa well aa the beauty i 
whole Btmcture. One of these sections, with all its twisting 
crumples, and folds, and knots, and coloureil meBhes, and 
circled rings, bears no small reeemblaoce to au antique polished 
table that has been cut out of the gnarleil roots of a venerable 
oak. This complex structure arose from the mode of growth 
<if the tootli ; each prominent external ridge continually turning 
inwards down the furrow on either side, and mingling in freakish 
knots with the folds that had gone before.^ 

The internal bonea of the holoptyehius were of great size and 
strength, as belitted such a bulky ganoid. Some of them had 
ii singular style of surface ornament, that somewhat resembled u 
frosted widow on a December morning. Their internal struc- 
ture was loose and eancellatfld ; the endo- being usually of a less 
mmpact texture than the exo-skeleton. Judging from the size 
of such bones, the carboniferous holoptyehius must have been one 
of the bulkiest and most formidahle denizens of the deep, reach- 
ing sometimeB to a length of twenty feet or even more, Sucli 
hh animal would have been, perhaps, quite a match for our 
hugest crocodile or alligator, for it must hu.ve swum about with 
a lithenesa and agility possessed by none of the saurian I'eptilea. 
Like that leviathan chosen by the Almighty, in au age long 
subsequent, as an illustration of His power and greatness, the 
hoIuptychiuB must have been king over all the inhabitants of 
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the sea, and the magnificent language of Job, descriptiTe of the 
living animal, applies not less graphically to the extinct one :— 
^' Who can open the doors of his face ? his teeth are terrible 
round about. His scales are his pride, shut up together as with 
a close seal One is so near to another, that no air can come 
between them. He maketh the deep to boil like a pot : he 
maketh the sea like a pot of ointment. He maketh a path to 
shine after him ; one would think the deep to be hoary." 

Our survey has hitherto been directed to the denizens of 
carboniferous lake, river, and sea, and we have found them to 
be alike important in numbers and interesting in organization. 
It is otherwise, however, when we turn in search of the deni- 
zens of the carboniferous lands. The crowded trees and shrubs 
of the coal strata recalling as they do old forest-covered swamps, 
might seem to indicate the probability of a pretty numerous 
terrestrial fauna. Where are we to look for the fossilized relics 
of land animals, if not in the remains of a submerged land- 
surface ? And yet, strange as it may seem, of the inhabitants 
of the land during the Coal-measure period we know almost 
nothing. " We have ransacked hundreds of soils replete with 
the fossil roots of trees, — ^have dug out hundreds of erect trunks 
and stumps, which stood in the position in which they grew, — 
have broken up myriads of cubic feet of fuel, still retaining its 
vegetable structure, — and, after all, we continue almost as much 
in the dark regarding the invertebrate air-breathers of this 
epoch, as if the coal had been thrown down in mid-ocean."^ 

The little land-shell already noticed as having been detected 
by Sir Charles Lyell in the carboniferous rocks of Nova Scotia, 
seems to be as yet the only air-breathing mollusc obtained from 
locks of such high antiquity. Insect remains have been detected 
in the English coal-fields belonging to two or three species of 
beetles ; while on the Continent, wing-sheaths and other frag- 
ments of cockroaches, scorpions, grasshoppers, locusts, crickets, 

1 Sir Charles Lyell's Elements, fifth edition, p. 406. 
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ic, have been detei;teii. But the most renmrkaLle tracea of 
air-breathers consist in various iiidinttious of the existence of 
reptHes during the Carboniftirous era. Fragmeotary skeletons, 
with detftched bonea and plates, have been found in Bavaria and 
America, together witli. long tracks of footprints, from which it 
appears that during the time our coal-seams were forming, there 
awam through the sluggish deltas, or crept amid the dank luxu- 
riant foliage, strange hzard-like forms, large enough to leave i>e- 
Iiind them ou the soft yielding mud or sand the impress of theii' 
double pair of toed feet. But of these animals we have much 
to learn. Some of them have bequeathed to us merely their 
diflmembereil broken bones ; others have left but tlie imprintH 
of their toes. Yet even these remains, trifling as they may seem, 
become of importance when we remember that they demonstrate 
fishes not to have been the lughest types of lieing during the 
epoch of the Coal, and show that while the bulky holoptychiua 
lield the supremacy of the waters, Uzard-Ulte forms of a less f< 
midable type seem, so far as we Imow, to have ruled it ov 
the land. 

In fine, then, uo one can glance at a list of the carboniferous 
fauna without perceiving either that the animated world of that 
ancient epoch must have had a very different proportioning from 
what now obtains, or that we have only a meagre and frag- 
raentaiy record of it. That the latter conclusion is the more 
philosophical will ai)pear if we reflect upon the many chances 
that exist against the entombment and preservation of animal 
remains, especially of tluisc peculiar to the land. How vei^- 
emall a proportion of the remains of "animals living in our own 
coimtiy could be gathered from the aurface-aoil of any given 
locality, and how very inadequate winild be the meagre list of 
species thus obtamed, as representing the varied and extensive 
foona of Great Britain ! In contrasting, then, the rich abun- 
dance of marine organiams with the extreme paucity of terres- 
trial animals among the carboniferous rocks, it would be too 
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hasty to infer a corresponding disproportion originally. It must 
be admitted that the rarity of air-breathers, after such long- 
continued and extensive explorations among terrestrial and 
lacustrine beds, presents a difficult problem, only (if at aU) to 
be cleared away by patient and persevering investigation. With 
this preliminary caution, we may regard the carboniferous fauna 
as peculiarly rich in marine species. The sea-bottoms swarmed 
with stone-lilies, cup-corals, and net-like bryozoa, mingled with 
the various tribes of molluscan life — the brachiopods with their 
long ciliated arms ; the bivalves and gastropods with their 
(coloured shells that recall some of the most familiar objects of 
our shores ; and the cephalopods with their groups of siphon- 
ated chambers, straight as in the orthoceras, or gracefully 
coiled as in the goniatite. The seas swarmed, too, with fishes 
belonging to the two great orders of ganoids and placoids, the 
latter represented now by our sharks and rays, though, the exact 
type of the ancient genera is retained only by the cestracion or 
Port-Jackson shark ; the ganoids, with their strong armour of 
bone, represented by but two genera, the lepidosteus of the 
American rivers, and the poljrpterus of the Nile, — two fishes 
that seem but as dwarfs when placed side by side with the 
gigantic noloptychius of the coal-measures. The rivers and 
estuaries of the same period seem to have been frequented by 
immense shoals of the smaller ganoidal fishes that fed on decay- 
ing matter brought down from the land, and perhaps, too, on 
the minute Crustacea that lay strewed by myriads along the 
bottom. Into these busy scenes the bulkier monsters from the 
sea made frequent migrations, perhaps in some cases ascending 
the rivers for leagues to spawn, and returning again to their 
places at the mouth of the estuary or in open sea. The rivers 
and lakes swarmed with small crustaceous animals, and nourished, 
too, shells like those of our pearl-mussels. The land — so luxu- 
riantly clothed with vegetable forms — was hummed over by 
beetles, chimpped over by grasshoppers and crickets, and crawled 
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over by four-footed reptiles, that united in their structure the 
lizard and the frog. But of the general grade and proportions 
of its denizens we still remain in ignorance. From all that yet 
appears, the scenery of these forests must have been dark, 
silent, and gloomy, buried in a solitude that was startled by no 
tiger^s roar, no cattle's low, and neither cheered with the melody 
of birds nor gladdened by the presence of man. 

We have lingered, perhaps, too long over the remains of these 
old carboniferous animals. But the delay may be not without 
its use if, by thus bringing before us some of the more marked 
points in the structure of creatures that for ages peopled our 
planet, it broaden our view of creation ; and by lifting the curtain 
from off a dim, distant period of our world's long history, it show, 
amid all diversities of arrangement, and all varieties of form, 
still the same grand principles of design, and the same modes of 
working as those which we can see and compare among the living 
forms around us. It is something to be assured that the race of 
man has been preceded by many other races, lower indeed in the 
scale of being, but manifesting, throughout the long centuries 
of their existence, ideas of mechanism and contrivance still 
familiar to us, and serving in this way to link the human era 
>vith those that have gone before, as parts of one grand scheme 
carried on by one great Creator. 
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CHAPTER VIII. 

Sand and gravel of the boulder— What they suggested — ^Their consideration leads as 
among the more mechanical operations of Nature— An endless suooe8si<m of mata- 
tions in the economy of the uniTorse— Exhibited in plants — In animals— In ttoe 
action of winds and oceanic currents— Beautifully shown by the ceaseless passage of 
water from land to sea, and sea to land — This interdiange not an isolated pheno- 
menon — How aided in its effects by a universal process of decay going on where- 
ever a land surface is exposed to the air — Complex mode of Nature's operations— 
Interladi^ of different causes in the production of an apparently single and simple 
effect — Decay of riKsks— Chemical changes — Underground and surfece decomposi- 
tion—Carbonated springs— The Spar Cave — ^Action of rain-water — Decay of granite 
— Scene in Skye — Trap-dykes— Weathered clifb of sandstone — Of conglomen^e— Of 
Khale — Of limestone — Cavermt of Raasay — Incident — Causes of this waste of calca- 
reous rocks — Tombstones. 

From the blackened plants that darkened the upper layers 
of the boulder, the transition was natural to the matrix in 
which they lay. The whole rock consisted of a fine quartzy 
Hand more or less distinctly laminated, and showing in its lower 
parts well-rounded pebbles of quai-tz, green grit, and felspathic 
trap. The contemplation of these features suggested the exist- 
(Mice of some old land with elevated ranges of hills, and wide 
verdant valleys traversed by rivulets and rivers which bore a 
ceaseless burden of mud, sand, and gravel, onwards to the sea. 
The pebbles afforded some indication of the kind of rocks that 
formed the hill-sides. Perhaps the higher grounds exhibited 
that grey wrinkled appearance peculiar to the quartz districts 
of the north-western Highlands, with here and there a bluff 
crag of felspathic trap shooting up from among the fern-brakes 
of the valley, or cutting across the channel of some mountain 
stream that tumbled over the pale rock in a sheet of foam. 



r 



K STORY OF A BOULDER. 



139 



Rr-^bere may have been among these uplands smooth undu- 
lating dUtrietB, dotted over with dark araucarian pmee, and 
denBely clothed with a bruahwood of rolling fern, but whieh 
nhawed in all their ravines the green grit that formed the 
framework of the country, — its beda twisted and wntorted, 
jointed and cleaved, like the grite and slates along the banks of 
many a stream, beloved by the angler, in the elasaic ground of 
the Ettrick and the Yarrow. But whatever may have been 
the special features of its scenery, there can he no doubt of the 
land's esisteDce. The carbonized plants stand up to tell us of 
its strange and luxuriant vegetation. We have listened to 
their story, and suffered them to lead us away into forest, and 
and lake, and sea, to look on the various forma of life, vegetable 
uiid animal, which abounded in that far-distant age. We 
return again to the boulder, and shall now seek to learn the 
lesBuus which the sand and pebbles have to teach us. Their 
Hiibject belongs to what is called physical geology, and will 
bring before us some of the more mechanical operations of 
nature, such as the slow but constant action of air, rain, and 
rivers, upon hard rock, the grinding action of the waves, and 
the consequent accumulation of new masses of sedimentary rock. 

In all the departments of nature that come under the cog- 
nizance of man, there is seen to be an endless 
intitations. According to the Siunian philoeophci 



In the woriii of life we see how animals are sustjiined by a 
t-onatant series of chemical changes in their Mood, every respira- 
tion of air adding, as it were, fresh fuel to the flame of lifw 
within. In planta, too, there is an analogous process. 1 



140 THE STORY OF A BOULDER. 

atmospheric air is by them decomposed, part of it being given 
oti' again, and part retained to build up the organic stmcture. 
Plants withdraw mineral matter from the soil, animals feed 
upon plants, and thus the earthy substances, after having 
forme<l a part, first of rock masses, then of vegetable, and sub- 
sequently of animal organizations, are returned again to the soil, 
whence to be once more withdrawn and undergo new cycles of 
mutation. But this perpetual interchange is not confined to 
the vital world. We see it in the action of winds, when heated 
air rises and moves in one direction, and the colder parts sink 
and travel the opposite way. The same principle is exhibited 
by the oceanic currents, the removal of a body of water, from 
whatever cause, always necessitating the ingress of a correspond- 
ing quantity to supply its place. But perhaps one of the 
most beautiful instances of these interchanges in the whole in- 
organic world is the ceaseless passage of water from the land to 
the sea, and from the sea to the land. The countless thousands 
of rivulets, and streams, and gigantic rivers, that are ever 
pouring their waters into the great deep, do not in the least 
raise its level or diminish its saltness. And why ? Simply 
because the sea gives off by evaporation as much water as it 
receives from rain and rivers. The vapour thus exhaled ascends 
to the upper regions of the atmosphere, where it forms clouds, 
and whence it eventually descends as rain. The larger part 
of the rain probably falls upon the ocean, but a considerable 
amount is nevertheless driven by winds across the land. This 
finds its way into the streams, and so back again to the sea, 
only, however, to be anew evaporated and sent as drizzUng rain 
across the face of land and sea. This interchange is constantly 
in progress, and seems to have been as unvarying during past 
ages. 

But the ceaseless passage of water between land and sea is 
not a mere isolated and independent phenomenon. Like all 
the rest of Nature's processes, even the simplest, it produces 
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^S&portant aud (implicated effiscta. Aud tiie reader luaj, per- 
fiaps, think it worth looking at i'ur a little, when he relle4:ta 
that to this seemingly feeble cause we owe no small part of imr j 
solid lands, whether aa ialanda wasted liy the sea, or as part of 
vaat anil variegated contiuents, wide rolling prairies covere<l 
with verdure and' roamed over liy herds of cattle, or wintry 
Alpiue hilk hfeless aikd hare. 

The truth of this will appear wlieu we reflect that the mois- 
ture whidi rises from the sea and falls on the land as rain, is 
free from any admixture of impurities ; but by the time it 
again reaches the sea, after a circuit of i^erhaps many miles 
down valley and plain, it has grown turbid and discoloured, 
carrying with it a quantity of mud, sand, and drift-wooiL 
Xhe sediment thus trnneported soon sinks to the hottom, where 
it eventually hardens into rock, and in course of time is raised 
above the waves as part of a new land, SucJi I conceive to 
have been the origui of the sand, gravel, and imbedded plants 
of our boulder. It may be well, however, in going into the 
details of the subject, to take a wider view of this interesting 
branch of geology, and look for a little at the forma and modes 
of the decomposition of rocks, and the varied manner in which 
new sedimentary accumulations are formed. 

All over the worhl, wherever a land surface spreads out 
beueath the sky, there goes on a process of degradation and 
decay. Hills are insensibly crumbling into the valleys, valleys 
are silently eroded, and crap that ever since the birth of man 
liave been tlie hmdraarks of the race, are jet slowly but surely 
melting away. It matters not where the hill or plain may lie, 
the highest mountains of the tropics and the frozen soil of the 
poles, yield each in its measure and de^ee to the iuilnence of 
the general law. It might seem that so universal a process 
should be the result of some equally prevalent and simple cause. 
Bat when we set ourselves to examine the matter, we find it 
far othei-wise. The waste of the solid lands, in place of arising 
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from some single general action, is found to result from a 
multiform chain of causes, often local in their operation and 
variable in their effects. Such an investigation affords a good 
illustration of the general mode and fashion in which Nature 
delights to work. It shows us that what may seem a very 
Bimple process may be in reality a very complicated one ; that 
in truth there exist in the world around us few if any simple, 
single processes, which stand out by themselves unconnected 
with any other ; that, on the contrary, all become intimately 
linked together, the effects of one often forming part of the 
chain of causes in another, and producing by their combined 
action that complex yet strikingly harmonious order that per- 
vades all the operations of Nature. To an extent of which 
Cicero never dreamed, there runs through all the world " such 
an admirable succession of things that each seems entwined 
with the other, and all are thus intimately linked and bound 
together.'' ' Man separates out these various processes, dassifiefi 
and arranges them, because from the imperfection of his mental 
powers he cannot otherwise understand their effects ; all would 
seem but chaos and confusion. But the formal precision and 
the sharp lines of demarcation exist only in his mind. Th^ 
have no place in the outer world. There we see process dove- 

1 Cicero, De Nat. Dear. lib. i 4. 8o, in Bacon's Wisdom of tke AncierUs, under (be fiibk 
" Pan or Nature : " — "The chain of natural causes links together the rise, duration, and 
corruption ; the exaltation, degeneration, and workings ; the processes^ the effiseta, and 
changes, of all that cao any way happen to things." Such is the philoec^ber's ezplaoa- 
tion of the Destinies as sisters of Pan. In no part of his writings can the Uuvoogh pzac- 
tical character of Bacon's philosophy be more conspicuously seen than in his tnatment 
of these ancient fables. Glancing over the titles of the different papers, you an tempted 
to wonder what an intellect which could only appreciate poetry as a mode of narrating 
history or as a vehicle for the teaching of truth, will make of such fairy tales as tbow of 
Pan, Orpheus, Proteus, Cupid, and many others. They seem like so many airy Naiads 
crushed within the iron grasp of a hundred-handed Briareas. But a perusal <rf those 
delightful pages will show that the giant has really no maleYolent intentions towards his 
fair prisoners ; nay, that he only wishes, by stripping them of their paint and flnevy, to 
show that, with all their lightness and grace, they are nevertheleae strong buxom dames, 
of the same donghty race with himself. 
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tailing with process, and epi'eading out over the materiaJ world 
in an endlees network of cauee and effect We feebly try 
trace out these interlacing threada, but we can follow tiem 
in DO direction. Froteus-like, they seem to change their aspectf 
blending uow into one tbrm, now into another, and so eluding 
keenest pursuit. 
As an instance, therefore, of this remarkable interlacing 
different causes in what we call a single process, the disint^ra- 
of rocks dcBervea our attention. In onlinary language, we 
a stone rots away, and ita debris is waaiied down by the 
and streamlets, and the process does not at first sight 
at all more complex than the expression used to deacribe 
•jet if we examine the subject, we shall ere long find that 
nature many simpler things than the rotting away 
stone. To effect such a result, there come into play a 
lole category of agencioE, chemical and mechanical, so comr 
their operation, and bo intimately blended in th«i 
eftects, that it becomes no easy task tu tell where one aet enda 
and another begins. 

A rock is said to undergo a <;]iemical change, when one or 
more of its component parts passes from one state of combingr 
tiun to another — as, for instance, when a mineral absorbs oxy- 
gon, and, from the condition of a protoxide, changes into that 
(rf a peroxide ; or when, parting with its silicic acid, it takes 
an equivalent amount of carbonic acid, and in place of a sihcate 
becomes a carbonate. Now these, and similar metamorphism^ 
are chiefly produced by water permeating through the rocky 
nutu, and thus no sooner does the old combination cease, than 
tbe new one which replaces it in disaolyed by the slowly filter- 
ing water, and carried away either tu greater depths, or to thi- 
uufaee. Every drop of water, therefore, that finds its way 
throu^ the rock, carries away an infinitedmal portiou of the, 
mineral matter, anil the stone is consequently undergoing 
rontinual decay. This condition of things may go on either at 
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some depth in the earth^s crust, or on the surface. In the 
former case, spiings and percolating water are the agents in effect- 
ing the change ; in the latter, it is produced chiefly by ram and 
streams. But wherever the process goes on, the results, unless 
where counteracted by some opi)08ite agency, are ultimately the 
same. It may be of use to l(X)k at some examples of these 
changes, and, by dividing them in a rough way, into under- 
ground and surface actions, we shall be enabled to mark more 
clearly their effects. 

A common source of the decay of rocks arises from the per- 
colation through them of water charged with carbonic acid. 
Decomposing vegetation gives off a large amount of this gas, 
which is readily absorbed by rain-water. The water sinks mto 
the ground filtering through cracks and fissures in the rocks, 
whence it aften^'ards re-emerges in the form of springs. Now 
wherever, in its passage through these subterranean rocks, the 
water meets with any carbonate, the carbonic acid contained iu 
the liquid inmiediatcly begins to dissolve out the mineral matter, 
and canies it eventually to the surface. There the amount of 
evaporation is often sufficient to cause a re-deposit of the mineral 
in solution. If it be lime, a white crust gathers along the sides 
of the stream, delicately enveloping grass-stalks, leaves, twigs, 
snail-shells, and other objects, which it may meet with in its 
progress. Such " petrifying" springs, as they are popularly 
termed, occur abundantly in our limestone districts. It should 
be borne in mind, however, that they only produce an incrusta- 
tion round the organic nucleus, and do not petrify it That 
alone is a true petrifaction where the substance is literally fossil- 
ized, or turned into stone. A familiar instance of a similar 
chemical process may be seen under many a bridge, and along 
the vaulted roofs of many an old castle. Numerous tapering 
stalactites hang down from between the joints of the masoniy, 
resembling, so to speak, icicles of stone, often of a dazzling 
whiteness. They are formed by the percolation of carbonated 
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S througli the mnrtar of the jwiuta, the carbonate of lime 
tfmB "withdrawn being re-depoaitad where the water reachea the 
air and evaporates. A little pellicle of lime first gathers on 
roof, and every aucwediag drop adds to the length of the 
column. In some caa^ where the supply of water is too great 
for the amount of evaporation, part falls on the floor, and, being 
there dissipated, leavea behind a slowly-gathering pile of lime 
called stalagmite. In some of the Eastern grottos, the pillars 
from the roof have become nnited to tlioee on the floor, forming 
the most exquisite and fairy-like combinations of arch ajid 
pillaj*. An example of a calcareous grotto has now become 
pretty iamiliar to our summer touriBta, imder the name of the 
Spar Cave. It lies on an exposed cUfF-hne along the western 
shores of Skye, against which the surge of the Atlantic is e 
breaking. You approach it from the sea, and enter a narrow 
reoesa between two precipitous walls of rock, open above to the 
sky, and washed below by the gurgling tide, CroBsing the 
narrow, shingly beach, you find the ground tliickly covered 
with herbage, while, grouped along the dark walls, are large 
hunches of spleenwort, hart's-tongue fern, and other plants that 
iove the shade. Soon after entering the cave, all becomes sombre 
and cold ; and the few candlea, with which the party have 
lumished themselves, only serve to heighten the gloom. After 
scrambling on fur a time across dank, dripping rocks, and over 
a high bank of smooth marble, on which it is difficult to creep, 
Almost impossible to stand, you arrive at a de«p pool of clear. 
limpid water, which extends acrose the cave from side to side, 
barring all farther pusaage. The Bceneiy at this point will not 
readily be forgotten. The roof towers so high that the Ughta 
»re too feeble to Show it, while the walls, roughened into every 
form of cusp and pinnacle, pillar and cornice, all glittering i 
the light, reaemble the grotto of some fairy dream. On re- 
turning agiun to the light of day, if you ask the cause that has 
given rise to all this beauty, it will be found a very simple c 
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The cleft occupied by the cave has been once filled by a wall 
of igneous rock called a trap-dyke. Atmospheric influenoeS) 
aided probably by the waves, have caused the decompositioii 
and removal of this intruded rock, and the calcareous sandstone 
on either side now stands up in a wall-like fonn. The upper 
part of the dyke remains as a roof to the cave, but it has 
become completely covered over with the calcareous deposits 
left by the carbonated water that filters through the adjacent 
limy sandstone. The amoimt of water is considerable, and con- 
sequently every part of the cavern — roof, walls, and floor — ^has 
been incrusted with a white crystalline carbonate of lime. In 
volcanic countries, where the springs often come to the surface 
in a highly heated state, charged, too, with various chemical 
ingredients, they produce no slight amount of physical change 
on the surrounding districts, and must be regarded as important 
geological agents. 

But perhaps the most common and widely-diffused form of 
decomposition, is that produced on the surface of the earth by 
the action of rain-water, in slowly dissolving out the soluble 
parts of rocks, and washing away the loose, incoherent grains 
that remain behind. It is hard to say whether this process is 
more chemical or mechanical. The solution of the mineral 
matter belongs to the former class of changes, while the re- 
moval of debris must be ranked among the latter. The results 
of these combined forces form one of the most important branches 
of investigation which can occupy the attention of the physical 
geologist, and in contemplating them, we are at a loss whether 
most to admire their magnitude, or the immense lapse of time 
which they must have occupied. It may be worth while to 
look at the progress of this kind of disintegration, that we may 
see how wide-spread and constant is the waste that goes on 
over the world, and how materially the eflects of running water 
are by this means increased. A volume might be written about 
the decay of rocks, and a most interesting one it would be, but 
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moTBhip would devolve mther on the chemist tbim tbe 
geotogiat.^ We can do no mora here than merely glance at one 
or two iliuBtrative examples. 

Among the mineral BuLBtaneea that most readily yield to tlit 
Bctitni of tlie weather, are the ailicab?^ and the carbonates. The 
rocks containing the former belong in large meaaure to what we 
CE^ tbe igneous clasB, such aa the granites and traps ; while 
those cantoning the latter form the bulk of our useful stones, 
such as limestone and sandstone. The removal of alkaline sili- 
cates ia due to their conversion into carbonates, which are 
readily soluble in water. Rain falling on a rock in whiet they 
are largely preeent, dissolves u small porttun, and carries it into 
the soil or into streams, and thence to the ocean. Every shower 
in thiB way withdraws a minute amouBt of mineral matter, and 
tends to leave the harder insoluble grains of the rock standing 
out on the eurfiicc in the form of a loose pulvendent crust, 
easily washed away. The debris thus formed, where allowed 
to accumulate, makes an excellent kind of soil known to the 
Scottish fanners as " rotten rock." 

The tourist who has visital any of oar granitic districts, 
such as the south-western parts of Cornwall, the rugged scenery 
i)f Arran, or the hills of the Aberdeenshire Highlands, must be 
familiar with some of the forms of waste which the rocks of 
theee regious display. Mouldering blocks, poised sometimes on 
but a slender base, and eaten away into the most fantastic 
sha{)es, abound in some localities, while in other parts, ns for 
instance at the summit of Goatfell in Arran, the rock weathers 
into a sort of rude masonry, and stands out in its nakedness 
and niin like some crumbling relic of Cyclopean art. In other 
distticts, as in Skye and in the adjoining island of Raasay, the 
granitic billw are of a still more mouldering material. Their 
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8ummit8, white and bald, sometimes rise to a height of fully 
two thousand feet above the sea, while down their sides are 
spread long reddish-yellow tracks of debris intenningled with 
patches of stunted herbage. Eveiy winter adds to the waste, 
and lengthens the lines of rubbish. Some of these hills form a 
good field wherein to study the disintegration of granitic rocks, 
such, for instance, as Beinn na Cailleaich, that rises firom the 
shores of Broadford Bay. Around the eastern base of that 
mountain there stretches a flat moory district, with a few pro- 
truding blocks that have rolled down into the plain. The 
earlier part of the ascent lies over a r^on of metamorphic 
limestone, where the grey weathered masses of the calcareous 
rock, often like groups of mouldering tombstones, are seen pro- 
truding in considerable numbers through the rich soft grass and 
the scanty brushwood of hazel and fern. Leaving this more 
verdant zone, we enter a district of brown heath that slowly 
grows in desolation as we ascend. Huge blocks of syenite — a 
granitic rock of which the upper part of the mountain entirely 
consists — cumber the soil in every direction, and graduaUy 
increase in numbers till the furze can scarcely find a nestling- 
place, and is at last choked altogether. Then comes a scene of 
utter desolation. Grey masses of rock of every form and size 
are piled upon each other in endless confusion. Some of them 
lie buried in debris, others tower above each other in a rude 
sort of masonry, while not a few perched on the merest point 
seem but to await the storms of another winter to hurl them 
down into the plain. The ascent of such a region is no easy 
task, and must not unfrequently be performed on hands and 
knees. But once at the top, the view is enough to compensate 
a tenfold greater exertion. Far away to the west, half sunk in 
the ocean, lie the isles of Eigg, Coll, and Tiree, with the nearer 
mountains of Rum. North-west, are the black serrated peaks 
of the Coolins, that stand out by themselves in strange contrast 
with every other feature of the landscape. Northward, stretches 
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the great raDge of syenitio hiEs, with the aea and the northern 
Hebrides beyond. Away to the east, across the intervenmg 
stimt, lie the hills of the mainla-nd, with all their vitriety of 
form and outline, and all their changing tints, as the chequered 
light and shade glide athwart the seune. Southward, the eye 
rests on the grey wrinkled hills of Sleat, and far over along the 
line where earth and eky commingle, are the mountains of , 
Morvem, stretching westwards till they end in the bold weather- 
beaten headland of Ardnainurchan, beyond which lies the blue 
boundless orean. The top of Beinn iia Cailleaich is flat and 
smooth, surmounted in the centre by a cairn. Tradition tells 
that beneath these stones there rest the bonea of the nnree of u 
Norwegian priDcess. She hod accompanied her miatresa to 
" the misty hUla of Skye," and eventually died there. But 
tlie love of home continued strong with her to the end, for it 
was her last request that she might be buried on the top of ' 
Beinn na Cailleaich, that the clear northern breezes, coming 
fresh from the land of her childhood, might blow over her grave. 
I have Jaheady alluded to the wuKting away of a trap-dyke. 
XbJB decomposition ariiws &om the same cause as among the 
granites — the solution and removal of the silicates. All these 
tn^rocks are igneous, and seem to liave risen from below 
through open fissures and rents. As they contain a large per- 
centage of felspar—the same mineral that gives to many granites 
their mouldering ohamcter— they may be seen exhibiting every 
form and stage of decay. Often they stand out in prominent 
relief from some cliff of 9o{[ shale, with a brown surface, 
picturesquely roughened into spherical majeses of all sizes, that 
give to the rock somewhat the appearance of a hardened pile 
of ammunition in which ponderous shells lie intermingled with 
round shot, grape, and canister. Each of the concretionary 
halls when examined is found to exfoliate in concentiie [tellicleB 
like the coats of an onion, and you may sometimes peal off a 
considerable niunber before arriving at the central core, which 
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consists of the Iiard rock still undecompoeed. In this case the 
process of degradation is aided by the decay of another mineral 
called augite, which contains a variable percentage of iron, 
and imparts the pecidiar yellowish-brown tint to the weathered 
rock. Trap-dykes may also be seen in a still more wasted con- 
dition, where, in place of protruding from a cliff-line, they 
recede to some depth and give rise to deep clefts and fissures. 
An instance of this kind has been referred to in the case of the 
Spar Cave, and many others may be seen along the same coast- 
line. The shore there for miles is formed of a low cliff of white 
calcare<jiis sandstone, fissured by innumerable perpendicular 
clefts of greater or less width, and sometimes only a yard or 
two apart. Each of these has once been filled by a dyke of 
trap, wbicli originally rose up in a melted state, and after 
having solidified into a compact stony mass, began to yield to 
the process of decay. In all these and similar cases, the 
primary cause of the waste lies in the decomposition of the 
felspar. Rain-water acts in removing the soluble portions, and 
the harder grains that remain, deprived of the cementing 
matrix, ere long crumble down and are washed off by the rains. 
In this way the rock insensibly moulders away, every frost 
loosening its structure, and every shower carrying away part of 
its substance. 

Among the many objects of interest along a rocky coast some 
of the more striking are certainly to be found in the curious 
and often grotesque forms assumed by the weathered clilfe. 
Above high-water mark and thus away from the dash of the 
waves, we can often trace the progress of decay among such 
sedimentary rocks as sandstones and conglomerates. Worn 
into holes and scars, projecting cusps and tapering pinnacles, or 
eaten away into the rude semblance of a human form, headless 
perchance, or into the shape of a huge table poised on a narrow 
pedestal, the rock affords an endless variety of aspects and a 
continual source of pleasure. If we chance to light upon any 
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buildiag coustiucted uut of the sandstone of such clifTa, it is 
worth noting that the removaJ of the etone has not deprived it 
of ita mciulderiag qualities ; nay, that housea erected within the 
memory of people Btill living already begiu to wear an aspect of 
veneraljle antiquity, I remember meeting with an interesting 
example in the case of an old caatie built on a similar rocky 
coast-line. It atood on a little neas or promontoiy of dull red 
stone, wnahed on all sides save one by the wild sea. The walla, 
of which but a fragment remained, were built of a dark red 
BoudBtone ; but the lapae of centuries bad told sadly on their 
maaonry, The stones rose over each other tier upon tier, cor- 
roded sometimes into holes and hollows, sometimes into a ch>se 
honey-combed surface, but the mortar that had been used to 
cement them together still stood firm and protruded from 
hetween the tiers to show, by no doubtftd or ambiguous sign, 
how wlently yet how surely the wasting forces had been at 
work. The scutcheon over the only remaining gaixvr^j had 
been carved out of another kind of stone of a lighter colour and 
harder texture, and ao its grim lions looked nearly as fresh and 
formidable as when firat raised to the place of honour which 
they still occupied. In this case, as before, the decomposition 
was owing t*) the presence of a conaiderable proportion of soluble 
matter, which the rains of four ceuEuriea had carried away along 
with the loosened incoherent sandy grains. 

Conglomerate or pudding-stone has often a picturesque out- 
line in its decay, more especially if ita included fragments have 
11 considerable range of size. Large tracts of this rock exist in 
TariouB parts of Britain, particulariy in Scotland, where the 
bABement beds of the Old Red Sandstone consist of a coarse 
conglomerate, sometimes several thousand feet in thickness. 
Such enormous maaaeB form the scenery of a large part of East 
Lothian, and are found in detached patches across into Feeblee- 
shire and Lanark. In the north, too, the neighbourhood of Inver- 
ness and other parts of the same district display conspicuous 
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conglomerate hills. Unless where laid bare by streams or by the 
action of breakers, the contour of these hiUs is rounded and 
tame, with a scanty covering of short scrubby grass and very 
few protruding bosses of rock. But where a mountain torrent 
has cut its way down the hill side, the ravine thus formed 
exhibits broken walls and pillars of rock made up of rounded 
balls of every shade and size, cemented by a dark-red or green 
^ paste. The cementing material is sometimes clay, sometimee 
lime, and its variable nature gives rise to a corresponding 
inequality in the amount and form of decomposition. Where 
the rounded pebbles are bound together by clay, rains act with 
rapidity in washing away the cement, and the component halls 
fall out by degrees, leaving a cliff strangely roughened by pro- 
truding knobs, and eaten away into clefts and hollows. When 
the pebbles are held in a crystallized matrix of lime, they 
usually remain longer together, and may sometimes be seen 
standing up in the form of detached rugged pillars that defy 
all regularity of size or outline, and remind one of a sort of rude 
grotto-work. Such irregularities become still more markied 
where to the action of the rains there has been added the spray 
of the ocean. A coast-line of conglomerate, where the rock rises 
into cliffs, is always a romantic one ; caves, pillars, and ruined 
walls, all in the same rough grotto style, meet us at every step. 
Here, too, we can mark the varying effect of the waves upon 
the lower portions of the rock, eating it into cavernous holes and 
leaving rugged projecting pinnacles to which the mottled colours 
of the included pebbles give an additional and peculiar effect. 

A cliff of shale seldom shows much of the picturesque, though 
often a good deal of the ruinous. The rock is easily under- 
mined by streams, and a shale ravine usually exhibits in conse- 
quence either heaps of crumbling rubbish, or, where the stream 
comes past with a more rapid current, perpendicular walls, 
jointed and laminated, but without much variety of outline. 
Such cliffs, however, merit the careful attention of the observer, 
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^Hi-eonimodities, auil returning by the liigh grounds luul got 
nearly within eight of her own cottage, when by some un- 
lucky a<;uident she took a false step anil instantly diaappeareii. 
TJnfortunatoly her errand liad been performed alone, bo that 
some time eJapsed ere she was missed. The aeareh continued 
onremittiug for two days, Liit no tra^je of the missing traveller 
could be found. At last on the third day her figure waa eeen 
cre€5>ing alowty along the road not many hundred yards from 
her own door. It appeared that she had first slid down a sheer 
height of about fifty feet, when her further passage was inter- 
oept«d by the sides of the fissure. During the earlier part of 
her confinement she strove hard to re-ascend the chasm, and it 
was not until, the efiort seeming fruitless, she had begun to resign 
herBelftodeBjiair, that a glimmering ofr light from below induced 
her to attempt a descent. This proved no easy matter, and 
occupied many weary hours of labour and suspense ; but at 
length she suceeeded in worming herself to the bottom, and 
crawled out more dead than alive only a little way from her 
home. There still stand perchefl on some of these preeipitoiis 
clifia the remains of a few villages, the inhabitants of which 
were accustomed to tether their obildi'en to the soil, whence 
one of the hamlets received in Gaelic the soubriipiet of Tether- 
town. Many a valuable commodity disappeared by rolling 
over the cliff, and I have been assured that it was no uufre- 
quent occurrence for a pot of potatoes capsized at the doorway 
to tumble down the slope and make no stop until safely 
eacoQced at the sea-bottom. 

Tlio process whereby these fissures and caverns originate is the 
same as that noticed already in the Spar Cave. Water containing 
an iiupregnation of carbonic acid filters down through cracks and 
fissures of the calcareous rock, dissolving out in its passage a por- 
tion of the lime which it eventually carries back to the surface, 
and either deposits there or transports into streams, and thence 
to the sea. Tims atom by atom is removed wherever the perco- 
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lating water reaches, until in the course of ages an irregular 
cavern of greater or less extent is produced. The decomposi- 
tion of limestone at the surface results from the same kind of 
action, that of carbonated water. Every shower of rain in- 
sensibly carries away a fraction of the constituent' parts of the 
rock, so that the size and form of detached blocks as well as 
of exposed cMs is constantly changing. How often do we see 
the same decay going on with a melancholy rapidity among the 
exposed marble tombstones of our churchyards. In a few 
years the tablet gets worn and fiirrowed as though it had stood 
there for centuries. Eventually, too, the inscription becomes 
effaced, and perhaps ere the bones of the deceased have moul- 
dered away and mingled with their kindred dust, the epitaph 
that recorded for the admiration of posterity his many virtues 
and his vigorous talents, has faded from the stone — often, alas! 
only too fit an emblem of how speedily the memory of the dead 
may fade away out of the land of the living. 
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E forma of decomposition noticed in the laat chapter were 
y of a chemical kkd. Their effecta were obBervable alike 
B the surface of the earth and below ground ; in the latter case 
we saw them eseavating caveniB and long irregular chasms, in 
tbe former we noted the production of debiis which if imdis- 
tnrbed went to the formation of eoils. It must be borne in 
mind however, that in these operations other forces than simply 
those of a chemical kind come into play. The percolation of 
water and the removal of insoluble particles on the exposed 
parts of rocks rank as mechanical processes. So also do those by 
which new surfaces of mineral mosses are brought within the 
sphere of the chemie-al agencies, such as the action of frosts, 
rains, rivers, and waves. In short, as already noticed, any sub- 
divisiou of the forces at work in effecting the decompositi 
rocka miist ever be more or less arbitrary ; but it remmnf 
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nevertheless useful, if we bear in mind that the exactly defined 
boundary lines are of our making, not Nature's. With this 
caution we may proceed to examine what are termed the 
mechanical agencies in the disint^ration of mineral masses, 
and in so doing, we shall find that the chemical forces are not 
less helpfid to the mechanical than the latter to the former. 

Fii*st, we may notice the effect of rains in washing away the 
disintegrated particles to lower levels or into river-courses 
whereby fresh portions of rock become exposed to the decom- 
posing forces. Rains also act powerfully in altering the form 
of clifi-lines and steep declivities, especially where these consist 
more or less of friable earthy matter. After a long continuance 
of wet weather, I have seen the abrupt sides of a river-channel 
that were formed of a stiff blue clay completely cut up by rents 
of various dimensions, whereby large masses had subsided many 
feet, while others had rolled down altogether and lay in the bed 
of the stream where they were undergoing a rapid abrasion. 
The cause of this alteration was obvious. The rains pouring 
down from the sloping groimds on either side of the river had 
excavated deep channels on the abrupt face of the cliffs, while 
a considerable quantity of water finding its way through the 
soil, had permeated through joints and crevices in the clay some 
feet from the edge of the bank. By the combined operation of 
these causes, masses of clay several yards in extent lost their 
cohesion and either settled down a few feet, or found their way 
to the bottom. Such landslips are of frequent occurrence where 
large masses of rock of a hard compact nature rest upon loose 
shales and clays more or less inclined. Whole hills have been 
known to be hurled in this way into the valleys below. 

But these results become perhaps still more marked where to 
the ordinary operations of water there are added those of intense 
frost. The effects of a severe winter (such, for instance, as a 
Canadian one), in loosening the particles of rocks and facilitating 
the breaking-up of large masses, must be ranked among the most 



luwerful aj^cieB of nature. In «ich a season, the percolatiiig 
water with which neatly ereiy s4irface-rock is charged becomes 
frozen, and in the act of cungelation espaads. The resnlt of tlus 
dilatation ia to esert great pressure on the partichs of the rock, 
and therein; loosen their coheaioiL When thaw conies tlw 
frozen liquid contracts again, but the loosened particles havs 
no Bnch elastic power, and so, haring lost hold of each other, 
UTomble down. If the aeaeon be a chutgeable one, froet 
and thaw quickly alttmatiag, the amount of wa«te produced 
becomes Teiy great. Not only is the outer eur&ce of the stone 
deoomposed, but the water filtering through the joints of the 
rock freezes there, and thus on the arrival of milder weather 
vant masses become detached from the clifis, and roll down, to 
be worn by the grinding action either of waves or of rivers, as 
the case may be. Spring at iaet sets in with its warmth and 
its showere ; the snow rapidiy melts away ; the whole country 
streiima with water ; every valley and hollow has its red turbid 
rivulet, that bears a burden of muddy sediment into the nearest 
river ; and thus the loosened portions of the rocks get washed 
sway down to sea, leaving a new surikce for the action of next 
winter. We can easily undeistaud, therefore, that in certain 
regions the combined effects of frost and thaw may work in the 
course of ages changes of almost inconceivable cxtcut, and that 
the agency of ice must be not less varied and important on the 
land than, in the case of the boulder clay, we found it to be in 
the ocean. 

Besides this action in winter, which goes on more or leas iu 
every country wherever the temperature ainka sufficiently low i 
to permit of the freezing of water, ice effects many changes on 
the surfaces of rocks when it takes tlie form of glaciers and 
icebergs. We have already noted the operation of a glacier 
during its slow pn^ress in crushing down large fragments of 
stone, scratcliing and abrading the rocks over which it pe 
and eventiially producing a vast quantity of mud, vrhicli is 
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I ried down hy Btreams to form new accumulatimis either in lakf* 
I or seas. We have also marked the effects of the drifting ice- 
I berg in materially modifying the cont<mr of aubmarine hilla, 
and depositing over the oeean-bottom mud, gravel, and houldere. 
Nothing further, therefore, need be done here than Himply to 
keep these agencies in^view, aa playiug an important part in 
the disintegration of rocks. 

Another highly interesting aijueons action is that of streams 
and rivers, in scooping out for themselvea chajmets through 
sometimes the hardest and most solid rock. Such ejects m^ 
be seen ail over the globe, in the old world and in the new, 
in the bed of the tiniest rivulet, as well as in the course of the 
mightiest river. And accordingly, in all the long Ust of geolo- 
gical agents, we find none ao well known and so often described 
alike by poets, historians, and scientific writers, as well in andenC 
as in modem times. What a delightful volume might be written 
about the geology of rivers ! It would, perliaps, begin with 
that " great river," the Euphrates, along whose green banks 
lay the hirthplace of tJie human race, tracing out the features 
of its progress from the ravines and cataracts uf Armenia, with 
all their surrounding relics of ancient art, down into the plains 
of Aasyria, amid date-palms and Arab villages, onwards to the 
mounds of Nineveh and Babylon, and thence to the waters of 
the Persian Gulf. Well-nigh as remote, and perhaps still more 
interesting in its human history, would be the story of the Nile. " 
We should have to follow that river from tJie mystic region of 
its birth,^ marking the character of the rocks through which 
winds its earlier channel, and the effects upon them of the 
floods of untold centuries ; it would be needful, too, to note the 
influence of the watera on the lower grounds, from where the 
stream flows over the cataracts of Syene, down through the 
alluvial plains of Egypt ; and lastly, the concluding and j 
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hapB most onerous part of our labour would be the investiga- 
tion of the delta, marking its origin and progress, its featiu*es in 
ancient times, as made known to us in the graphic chapters of 
Herodotus, and the changes wliich the lapse of more than 
twenty centuries has since wrought in its configuration. The 
rivers of Europe would detain us long, not less perhaps by 
their historic interest than by the variety and attractiveness 
of their physical phenomena. One could scarce help lingering 
over the Rhine, with its source among Alpine glaciers, its lakes 
and gorges, its castles and antique towns ; and when once the 
narrative entered the classic ground of Italy, it would perhaps 
become more antiquarian than geological. The ravine of Tivoli, 
for instance, would certainly lay claim to a whole chapter for 
itself, with its long-continued river action, its ancient travertin, 
its beautiful calcareous incrustations, and above all its exqui- 
site scenery. 

*' Domus Albuneae regoDantis, 
Et praeceps Anio, ac Tiburni lucos, et ada 
Mobilibus pomaria rivis." ^ 

And when could we exhaust all that might be said about the 
rivers of our own land 1 

" Of utmost Tweed, or Ouse, or guify Dun, 
Or Trent, who, like some Earth-bom giant, spreads 
His thirty arms along the indented meads 
Or sullen Mole, that runneth underneath ; 
Or Seyem swift, guilty of maidens' death ; 
Or rocky Avon, or of sedgy Lee ; 
Or coaly Tyne, or ancient ballow'd Dee ; 
Or Humber loud, that keeps* the Scythian's name ; 
Or Medway smooth, or royal-towered Thame." 

Passing, to the new world, a vast field would spread out before 

1 ** Albuna's grey re-echoing home, 
And Auio, headlong; in his foam, 

And grove of Tivoli, 
And orchards with their golden gleam. 
Whose boughs are dipping in the stream 
That hurries to the sea." 

Hob. Carm. L vii. 12. 
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US : the Mississippi, the Atchafalaya, the Ohio, the St. Law- 
rence, the Amazon, and many other rivers that in some cases 
rise high among the regions of perpetual snow, and after tra- 
versing large areas of country in the temperate zone, fall into 
the waters of tropical seas. By studying such examples of 
river-action and delta-fonnation as are presented by these 
gigantic streams, we should arrive at some conception of the 
conditions anciently at work in producing our present coal- 
fields. Nor would our researches assume aught like comple- 
tion until after a scrutiny of all the larger and more important 
rivers of the globe. Such a work could be undertaken, per- 
haps, only by another Humboldt. Its successful accomplish- 
ment would certainly insure the highest renown to its author, 
and incalculable benefits to science. 

From what we have seen of the wide waste and decay every- 
where in progress on the solid' lands of our planet, it becomes 
no difficult matter to perceive what a number of agencies must 
be at work in the formation of a river channel. Let the reader 
take his stand in some wooded ravine, where the shelving rocks 
on either side are hung all over with verdure, and a tiny 
streamlet murmurs on beneath with a flow so quiet and gentle 
as scarcely to shake the long pendant willow branches that dip 
into its surface, while the polished pebbles that strew its hed 
lie unmoved by the rippling current that glides over them. If 
in the midst of such a scene the question were to arise in his 
mind, How came this deep, narrow ravine into existence ? what 
answer would in all likelihood be the first to suggest itself? 
His eye would scan the precipitous walls of the dell, with their 
rocks cleft through to a depth of perchande fifty feet It 
would require no great scrutiny to assure him that the beds on 
the one side formed the onward prolongations of those on the 
other, and that consequently there must have been a time ere 
yet the ravine existed, when these beds stretched along un- 
broken. Satisfied with these results, his first impulse might be 
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to bethink him of Bome primeval earthquake, when tlie Bolid 
land rocked to and fro like a tempested sea, and broke up into 

at rents and yawning chnems. Into one of these clefts he 
might suppose the little streamlet hod eventually found its way, 
moiatening the bare and barren rocka, until at length their sur- 
face put on a livery of luosa, or lichen, or iiverwoil, and the 
biich, the alder, and the willow, found a nestling-place in their 
crevices. Such a view of tlie origin of the woody dell would 
be certainly a very natural one, and in some instances might be 
sufficiently correct, but iu the present case it will not explain 
the phenomena. If the reader will kindly permit me to visit 
the locality in his conii»auy, perhaps we may be able to light 
upon the true explanation, and see a few apiwai-aneea worthy 
our attention. 

First, then, how can we make sure that no eonvulaion of 
nature haa produced a rent in the rocks, and so helped the 
streamlet to a channel ? a simple question that may be well' 
nigh as simply answered. We stand in the centre of the dell 
on a broad ledge of stone, round whose well-wora aides the 
livulet is ever eddying onwards. The block consists of a pale 
sandstone lying in a bed about three feet thick, that dips gently 
down the stream and underlies a seam of dull, soft, blue shale, 
full of small shells. We trace the edge of this sandstone bed 
across to the left-hand aide of the ravine, and away up into the 
preiapitoua eliff, till it is lost amid the ferns and brushwood. 
There can be no doubt, therefore, that the ledge on which we 
were but now standing is a continuous portion of the rocka that 
form the left side of the ravine. Returning again to the centre 
of the stream, wo proceed to trace out the course of the other 
end of the same bed, and find that it, too, strikes across to 
the rocks on the right-hand side withont a break or fissnre, and 
passes up into the eliff, of which it forms a part. Clearly, then, 
the SBudstone bed runs to an unbroken, uufissured line, f^m the 
one aide to the other, and the rocks of either cliff form i 
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CODtinuoua aeries. There occurs no break or dislocation, whicli, 
of courae, there must have been had the ravine owed ita origiii 
to any subteiranean ageuuy. And au we come to conclude that 
no great eatncljem in priiDeva! times, no yawnjog abyss, or 
gaping chasm, has bad anything whatever to do with the 
formation of our deep sequestered dell. Wliat then i " Whither 
shall we turn," you aak, " to find another agency eqrially graad 
and powerful in ite operation and mighty in its reaulta i " 

Stay, gentle reader. That eraving for the grand and the 
nifalimc, that hungering afl:«r cataclysms and convulsionsj that 
iueatiable appetite for upheavals, and Titanic earth-throea, anil 
all the mightier machinery of Nature, has done no little mis- 
chief to geology. Men have reasoned that gigantic results ia 
the physical structure of the earth must have had equally 
gigantic causes operating in sublime conflict and in periodic 
paroxysms, now heaving a mountain chain to the elouds cf 
heaven, now swallowing up a continent in the depths of tha 
aea. Happily such extreme notions are last passing away, 
though the old tendency in 8 modified form still aboonda. A 
closer scrutiny of Nature aa she actually shows herself, not as 
theorists fancy she should be, has revealed to us that her opei*- 
tions are for the most part slow, gradual, and uniform, and that 
she oftentimes produces the mightiest resulte by combinatimja 
of foniea that to us might seem the very emblems of feeblena* 
and inactivity. In place of sudden paroxysms she demands on^ 
an unlimited duration of time, and with the aid of but a few d 
tbeae simple, tardy agents, she will eventually effect results per 
chance yet more gigantic than could be accomplished even 1^ 
the grandest catastrophe. Nor in thus seeking to explain the 
past by defining what seems the usual mode of Nature's opera- 
tions in the present, do we, as is sometimes alleged, depiivB 
them of their high poetic element. Assuredly there is something 
thrilling to even the calmest imagination in contemplating the 
results of vast and sudden upheavals, in picturing the solid cnut 
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of the earth heading like a grounU-Hwell upon the c 
trad-Dg amid 



and in conjuring up Tieions of earth quakeg, and friglitful abysBes 
&oin which there ever rose a lurid glare as liill after hUI of 
molten ruek came belching up from the firea below. But while 
&T from denying that such appearances may have been eome- 
times seen during the long lapse of the geological ages, and that 
they give no little viriilncss and sublimily to a geological pic- 
ture, we cimm for the doctrine of the tranquil and uniform 
operation during past time of existing laws and forces, an ele- 
ment not less poetic In the former citae the pervading idea 
is that of unlimited expenditure of power, in the latter that 
of unlimited lapse of time. In the one case the action is 
Titanic but transient, in the other it is tranquil but immensely 
protracted. The two doctrines in this way counterbalance each 
other ; yet I cannot but think that however impressive it may 
be to stand in some lone glen, and while gazing at its dork 
jagged precipitous ctiifs, to dream about the paroxysmal oon- 
yulsiona of some hour fiir hack in the distant past, the scene 
boccones yet more impressive when wc look on its nakedness 
(tad sublimity not as the sudden and capricious creation of a 
d&j, but as the gradual result of a thousand centuries. These 
clitfe may once have been low-browed rocks rising but a little 
way out of a broad grassy plain, and serving as a noontide 
haunt for animals of long extinct races. Thousands of years 
pass away and we sec these same rocks higher and steeper in 
their outline, brown with algie and ever wet with surf, while 
around them stretches a shorelesB sea. Ages again roll on, 
and we mark still the same rocks shooting up as bleak crags 
covered with ice and snow. Another interval of untold extent 
dspees, and rock, snow, and ice have all disappeared beneath 
ft broad ocean cumbered with ice-floes and wandering ber^. 
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Again the curtain drops upon the scene, and when once more 
it rises, the cliff's stand out in much the same abrupt precipitous 
aspect with that which they now present, save that their bald 
foreheads look less seamed and scanned than now, and their dark 
sides show no trace of bush or tree. The white cascades that 
to-day pour down from their summits and sides — seeming in 
the distance like the white hairs of age — are insensibly deepening 
the scars and furrows on these ancient hills, and thus slowly 
but yet surely carrying on the process of degradation and decay. 
Musing on all this long series of stages in the formation of one 
single cliff-line, is there not something more sublime, some- 
thing yet more impressive than if we pictured but the chance 
random result of the gigantic paroxysm of an hour 1 

Let us not be deterred then from seeking an explanation of 
the origin of the ravine among some of the quieter and more 
unobtrusive forces of Nature. Give them but an unlimited 
period to work in and they will abundantly satisfy all our 
demands. 

We return again to the rocky ledge in mid-channel, and pro- 
ceed to ascend the course of the stream, marking as we go the 
changes in the character and features of the stone that forms 
the cliff on either hand. We come to a bare part of the ravine 
where brushwood and herbage find but a scanty footing and 
where accordingly the rocks can be attentively studied. The face 
of the escarpment shows a number of beds of pale grey sandstone 
alternating with courses of a dark crumbly shale. The sand- 
stones being harder and firmer in texture stand out in prominent 
relief while the shales between have been wasted away, covering 
the bottom of the slope with loose debris. We can mark too 
that, as this decay goes on, the harder beds continually lose their 
support, cracking across chiefly along the lines of joint, and 
rolling down in huge angular blocks into the stream. In truth 
we cannot doubt that every year adds to this decay and thus slowly 
widens the dell, for the broken fragments do not fonn in heaps 
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over the wilid rock below so as to protect it from the weather, 
but are evidently carried away by the stream and hurried down 
tiie ravine onwards to the sea. From what lias been Raid above 
lelative to the disintegration of roelts by percolating water, 
froeta, and other caueea, the reatier will eaaity see how this 
rotting away of the sides of the ravine must be carried on ; 
and he will not fail to mark thtit here we bavo at work an 
agency not yet considered, that of running water. Tlie effects 
of the weather are seen in the crumtiliug, ruinous cliffs over- 
head ; the effects of tbe streamlet are observable in the 
continual removal of the rubliiBh whereby a freah surfaee ia 
ever esposed to the decomposing forces, while at some points 
we can mark the water actually undermining an overhanging 
part of the cUff from which there are ever and imon vast masses 
precipitated into the channel where eventually they get worn 
down and carried away out to sea. " Still," you uiay remark, 
" these forces are at work only in widening a channel already 
made. How was the ravine formed at first !" 

We continue our ascent A scrambling walk through briars 
■nd hazel-bushes, sometimes on rocky ledges high among the 
diflk, sometimes among the prostrate blocks that dam up the 
stream, brings us at last full in front of a sparkling waterfall 
that dashes over a precipitous face of rock some twenty feet 
high. Tlie appearances observable here deserve a careful atten- 
tion. Our eyes have not been long employed noting the more 
[ucturesqae features of the scene ere tbey discover that tbe 
dark-brown band of rock forming tbe summit of tbe ledge over 
which tbe water tumbles ia continuous all round the sides of 
the delL There is consequently no break or dislocation here. 
Approaching the cascade we note tbe rock behind it so hollowed 
out that its upper bars project several feet beyond the under 
ones. In this way tbe body of water is shot clear over the 
top of the cliff without touching rock till it comes splashing 
down among the blocks in tbe channel And yet this hollowed 
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'suiface is never dry ; the spray of the fall constantly striking on it 
keeps it always dank and dripping. In some parts the rock stands 
out bare and worn, while on the less exposed portions there 
gathers a thick green scum which is replaced on the drier ledges 
by the soft cellular leaves of the liver- wort. Now our exami- 
nation of the influence of percolating water upon even the 
hardest rocks teaches us that this moist soaked surface is just 
the very best condition for favouring the decay of the rock 
Nay more, the green vegetation that mantles over the stone 
serves to prevent the water from running off too rapidly, and 
keeps the rpck in a still more moist state than would otherwise 
happen. So that the portion of sandstone behind the cascade, 
comes to be in a still more favourable situation for speedy 
decay than the ledge over which the water is rapidly driven. 
We can see, therefore, how in the lapse of years the corrosion 
may go on until the upper projecting part of the cliff loses its 
support and falls with a crash into the rocky pool below, while 
the form of the waterfall becomes thus greatly altered, and new 
surfaces are exposed to the wear and tear of the stream. 

But we have not yet exhausted all that the rocks at the cascade 
can teach us. By dint of some exertion we climb the cliff and gain 
the upper edge of the fall. The rocks that form the bed of the 
stream are now seen to be deeply grooved and worn, every ex- 
posed surface having a smoothed blunted aspect. We can mark 
how the stone has split up along the natural lines of joint, 
whereby great facility is given to the removing power of the 
current, and how large irregular angulated blocks become de- 
tached and are swept down the stream. In not a few parts, 
too, we may notice circular holes of greater or less depth, in 
the bottom of each of which lie perhaps a pebble or two, that 
with a constant gyratory movement, caused by the eddying 
water, have eaten their way downwards into the solid rock 
When the stream is in flood and comes roaring down the rocky 
gorge bearing along with it a vast amount of mud, gravel, and 
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' stones, one can easily suo Low the friction of the transported 
inateriBl muat wear down the bard bed and aides of the uliannel, 
and how this procesa repeated month alter month and yearaJW 
yeen, must aid the decumpueing forces in scooping out a deep 
ravine. From the cascaile the ascent of the atreajn becomea 
ateeper and the run of water is conaequentlj more rapid. Soon 
however we emerge from the woody copse, and find ourBelvea on 
a flat alluvial cultivated plain through whicli the rivulet winds 
in a tortuous meandering course, bending back upon itself into 
loops that almost meet and well-nigh form broad flat islets. 
Strolling along this winding route we can mark the effects of the 
stream in eating away the soft claj and sand at one part of the 
bend and piling them up at another. Such loose material can 
present but little resiatance to a stream swollen with rains, and 
consequentiy a large ()uantitj of the mud and gravtd along with 
the interspersed boulders must be swept away down into the 
dell at every season of flood. The matter thus removed will 
of course be still further comminuted in its passage, and at the 
tame time will help to grind down the hard rock surfaces over 
which it in driven. 

Here then may be found the whole history of the ravine- 
Originally the streamlet wound its devious course through a 
flat alluvial country with a channel sunk but a foot or two 
below the level of the plain. Such continueil its character till 
it Teacheil a low bluff, down which the water flowed more 
rapidly to gain a second level undulating region. The part of 
this bluff crossed by the stream was ere long bared of its cover- 
ing of soil and clay, and the rock below came to be washed by 
a group of little cascades. Once exposed to the decomposing 
aiul disintegrating forces, the stone soon began to deciiy and the 
cascades ere long merged into one. By slow degrees the rock 
gave way and the waterfall retreateJ from the bluff. For per- 
chance thousands of years the same process him been going on, 
now with greater, now with lees rapidity, according to the nature 
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of the rocks encountered and other modifying causes, until the 
fall has eaten its way back for well-nigh three miles and scooped 
out a wild rocky gorge some fifty or sixty feet deep. This is 
but a solitary and insignificant instance of what may be seen 
all over the world, for the process remains the same whether 
we stand beside a tiny rivulet in some lone Highland glen or 
listen to the roar of the falls of Niagara. 

There is but one other principal agency at work in the demo- 
lition of rock-masses, the waves and currents of the ocean. 
But we have already noted the effects thus produced, and need 
not now retrace our steps further than to recall the vast amount 
of devastation which can be shown to have been effected in our 
own country by marine causes, both in breaching the existing 
shores and in scooping out valleys and grinding down hills at 
former periods when the land was either rising above or smk- 
ing below the level of the sea. 

Having now satisfied ourselves that there goes on all over 
the world an incessant waste of the solid lands, that the disin- 
tegrated debris is washed down by rains and transported sea- 
wards by rivers, and that the waves are ever eating their way 
into the iron-bound coast-line as well as into the low alluvial 
shore, we naturally come to ask the result and end of all this 
decay. What becomes of that vast amount of mineral matter 
annually removed from the land ? To be able to answer this 
question clearly and distinctly, let us look for a little at what 
takes place in lakes, at river-mouths, and in open sea. 

The river Rhone rises among the Bernese Alps, and after a 
course of about 100 miles through the Canton of Valais, it enters 
the upper end of the Lake of Geneva. Its waters, where they 
mingle with those of the lake, are muddy and discoloured, but 
where they pass out at the town of Geneva are limpid and clear. 
The mud, therefore, which they bring into the lake must be 
deposited there, and as the stream may have continued to flow 
for thousands of years, we may reasonably expect to find some 
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trace of the large aniouDt of sediment neceaaaiily depositeii , 
daring the whole or part of that long jieriod. Accordingly, i 
careitil examination of the Lake of Geneva ha& shown that snch 
acCumulationB have really been formeii, and that their progreeB 
and amount during part of the historic period oan he approxi- 
matflly calculated. Where the turbid current of the Rhone 
enters the still water of the lake, the mud slowly sinks to the { 
bottom. In the lapse of tenturies layer after layer has been 
thrown down, rendering the lake at this part sensibly shallower, 
until a large area or delta has been filled up and converted into I 
a, flat alluvial plain. Thus, a town which in the time of the ] 
Bomans formed a harhniu' on the water's edge, now stands more 1 
than a mile and a ha!f inland. This new-formed land is entirely I 
the work of the stream, and if we uuuld obtain a complete I 
section of it irom the surface to the bottom, "we should see a I 
great series of strata, probably from 6n0 to 900 feet thick (the I 
supposed original depth of the head of the lake), und nearly two I 
miles in length, inclined at a very slight angle." These strata, I 
vhich are said to have taken about eight centuries to form, I 
" probably consist of alternations of finer and coarser particles; I 
for, during the hotter months, from April to August, when the ^ 
snows melt, the voliune and velocity of the river are greatest, and 
lai^ge quantities of sand, mud, vegetable matter, and drift-wood, 
are introduced ; but, during the res.t of the year, the influx is com- 
paratively feeble, so much bo that the whole lake, according to 
Sauesure, stands sis feet lower." ^ If the present conditions . 
continue for a sufficient length of time, the lake may he eventu- | 
ally filled up with mud, sand, and gravel, depoeite that would 
erentualiy harden by pressure into shale and sandstone. So 
that tlie day may yet arrive when the blue waters of the Leman 
lake shall have passed away, when the Khone perchance may 
have Rfased to flow or found its way by some other channel, when 
the peasant may guide the plough, where now the boatman plies 

1 hyoU't Principla •!/ Omloff)/- Ninthedlllos, p. SiS. 
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the oar, and when the geologist shall trace out in quarries and 
excavations the successive deposits of hardened sediment with 
their lacustrine shells and drift-wood, and, musing on the 
changes of which they are the silent yet impressive witneflses, 
may sit down to pen a record of the gradual extinction of the 
Leman lake on that classic groimd where an immortal historian 
described the decline and fall of the empire of Eome. 

The alluvial matter deposited by tke Rhone at its entrance 
into the Lake of Geneva suffers perhaps no change when it once 
reaches the bottom. Layer after layer accumulates tranquilly, 
without disturbance from surface currents or other causes, so 
that the renovating effects of the stream have here every advan- 
tage. It is otherwise, however, where a delta gathers at the 
mouth of a river upon the sea-margin. There tides and currents 
are ever demolishing what the stream has piled up. Often, 
too, owing to the prevalence of high winds from seawards, 
the river is dammed up for leagues, and the waters of the ocean 
encroach far on the delta, mingling in this way marine remains 
with those that are fluviatile or terrestrial. But with these 
modifications the process of delta-formation remains essentially 
the same, both in lakes and at the sea. The vast quantities of 
sand and gravel transported by rivers during the flood-season 
sink to the bottom as soon as the motion of the water vill 
permit. This takes place at the shore, where eventually wide 
tracts of low alluvial land encroach upon the sea, covered with 
marshes and overgrown with vegetation. A section of any of 
these deltas, obtained in boring for water, shows a succession of 
sands and clays, with occasionally a few calcareous beds and 
quantities of peaty matter formed of vegetation either drifted 
or that grew on the spot.^ If, now, a sufficient amount of 
matter were piled over these loose incoherent strata, they would 

1 The structure of maritime deltas, especially their relation to the growth and entomb- 
ment of forests, will be more fully alluded to in a subsequent chapter, when we come to 
inquire into the origin of a coal-field. 
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ly become as biinl and coiupAct ns an; of our ordlnaiy 
tilulding stones. The Band would subside into a firm compact 
sandstone : the clay, in like maimer, would consolidate into 
fieeile sbale ; tbc peat would booomc cbemically altered into 
coal ; the calcareous seama would take the form of layers of 
limestone ; while the leaves, twigs, branrJies, and trunks, dis- 
persed through all the beds, would get black and carbqnized, so as 
prectsely to resemble the lepidoilendra, isalamiti's, stigmarisB, Sec, 
of the carboniforuus rocks. And thus might a mass of fossili- 
feioos strata, thousands of feet deep and thousands of square 
miles in extent, be amassed hy the prolonged operation of a 
KDgie river. 

It often happens that a delta is prevented from extending 
f\irther seawards owing to the prevalence of some marine cur- 
rent that comes sweeping along the eoaaHine and cuts away 
the accumidations thrown down by the river. The sediment 
thus removed is oilen carried to great distances, and eventually 
settles down as a fine mud along the floor of the sea, entomb- 
ing any fucoids, infusoria, shells, corals, {ieh-bones, or other 
relice that may lie at the bottom. 

Se who has witnessetl a storm along a rocky coast-^line, hae 
marked the breakers battering against the weather-bleached 
cliffs, and heard the thunder-like rattle of the shingle at the 
recoil of every wave, needs not to be tctd how vast an amount 
of sediment must in this way be formed. The pebbles of the 
beach are ground down still smaller, the sand produced by their 
ftietion finds its way to a lower level, while the finer xarticles 
taken up by the water are borne out to sea, and if a current 
tnverae the locality luay be transported for leagues, till they 
at last settle to the bott-om. Tbe flimr of the sea is consequently 
alireyB receiving additions in the form of fine mud — the waste 
of the land — derived citlier ft-om breaker-action, rivers, or ice- 
berg so that a series of marine deposits exactly similar td 
those we find among the rocks of our bills and valleys, must 
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be constantly in the course of formation. If circumstances be 
favourable, the shingle of the beach may eventually either be 
covered over or reach a part of the sea undisturbed by currents 
or waves, and then consolidate into what we call conglomerate 
or pudding-stone. The sand, as before, becomes sandstone, and 
the mud laminated sliale or hardened clay. These deposits may 
go on forming for thousands of years, until at last some slow 
elevation or some sudden upheaval of the ocean bed brings 
them to the light of day as part of a new continent. Thus 
exposed they would differ in no respect from rocks of a similar 
kind now visible, and the geologist, in tracing out their origin 
and history, would have no hesitation in ranking them among 
the ordinary marine formations of the globe. 

In fine, we cannot quit the subject without being convinced 
that these ceaseless changes afford one of the grandest examples 
of that continuous series of mutations — cycle and epicycle — 
which has been already alluded to as a distinguishing feature 
in all the operations of Nature. We are accustomed to think 
and* speak of " the everlasting hills." We look on the solid 
lands whereon we dwell as the emblem of all that is stable and 
steadfast, and on the boundless ocean as the type of all that 
is unsteady and changeful. The traveller who stands on those 
plains where the human race was cradled, marks still the same 
valleys with their winding rivers, still the same rocks and hills, 
still the same blue sky overhead. The dust of centuries has 
gathered over the graves and the dwellings of the early races, 
yet the covering is but thin, and if we could conjure firom their 
resting-place some of these venerable patriarchs, they might per- 
haps see little or no change on the haunts of their boyhood. 
We feel it otherwise, however, when we contemplate the ocean. 
In sunshine and in storm its surface never rests. The wave 
that now breaks against some bald headland of our western 
shores may have come sweeping across from the coast of 
America, and the broad swell that rolls into surf along the 
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shores of Newfoundland may have travelled from the frozen 
seas of the North Pole. And so it has ever been ; the " far 
resounding sea " of Homer is the " far resounding sea " still ; 
and the " countless dimpling of the waves," invoked in his 
figony by the chained Prometheus, remains restless and playful 
as ever. 

" Firm as a rock," and " fickle as the sea," have therefore 
become proverbs of imiversal acceptance. Yet when we inves- 
tigate the matter as we have done in this and the preceding 
chapter, it appears that an exactly opposite arrangement would 
be nearer the truth. It is the sea that remains constant — 

" Time writes no wrinkle on its azure brow ; " 

while the land undergoes a continual change. Hills are in- 
sensibly mouldering away, valleys are ever being widened and 
deepened, rocky coasts and low alluvial shores sufifer a constant 
abrasion, while even within the bowels of the earth the process 
of decomposition uninterruptedly proceeds. And thus, in place 
of remaining unchanged from the beginning, we know of nothing 
more mutable than the land on which we dwell, so that if the 
waste everywhere so apparent were to go on unchecked or un- 
modified, island and continent would eventually disappear 
beneath the waves. Here, however, another principle comes 
into operation. The debris removed from the land, as we have 
seen, is not annihilated. Slowly borne seawards, it settles 
down at river mouths or on the floor of the ocean as an ever- 
thickening deposit, which eventually hardens into rock, as solid 
and enduring as that whence it was derived. But it does not 
always remain there. Owing to the action of subterranean 
agencies with which we are but slightly acquainted, difterent 
parts of the sea-bottom are continually rising. Sometimes this 
process goes on very slowly, as along the shores of Sweden, 
where the coast has been ascertained to emerge in some localities 
at the rate of about thirty inches in a century ; sometimes with 
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prodigious rapidity, as on the coast of Chili, where the land 
was upheaved from two to seven feet in a single night. There 
can thus be no doubt that the mysterious agency which pro- 
duces earthquakes and volcanoes on the land affects equally 
that portion of the earth's crust covered by the waters of the 
ocean, and must be ceaselessly employed in elevating large areas 
of sea-bottom into new continents, that will ere long become 
clothed with vegetation and peopled with animals. In contem- 
plating, therefore, the constant decay in progress on the surfece 
of the land, we see not a mere isolated process of waste, but a 
provision for future renovation. The sandstone cliffs of the 
shore are battered down and their debris carried out to sea, but 
when sea-bottom comes to be land-surface, they may be sand- 
stone cliffs again, lashed once more by the breakers, and once 
more borne as sediment to the depths of the sea. And thus, 
in what may seem to us sublime antagonism, land is ever rising 
in the domain of ocean, and ocean ever encroaching on the 
regions of land. No sooner does a new island, or mountain 
peak, or wide area of continent, appear above the waves, than 
the abrading agencies are at work again. Rain, air, frost, 
rivers, currents, breakers, all begin anew the process of destruc- 
tion, and cease not until the land has utterly disappeared, and 
its worn debris has sunk in 'mid-ocean to be in process of time 
once more dry land, and suffer another slow process of oblite- 
ration. 

Such is the economy of nature around us now, and that such 
will continue to remain the condition of things in the fixture, 
we can affirm with probability from a consideration of the his- 
tory of the past. The geologist can point to masses of rock 
several miles in thickness, and occupying a large area of the 
globe, formed entirely of the worn debris of pre-existing forma- 
tions. The very oldest rocks with which he is acquainted are 
made up of hardened sediment, pointing to the existence of 
some land, even at that early period, worn down by rivers or 
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irasted by the sea. During all the subsequent ages the same 
»rinciples were at work, and now well-nigh the only evidence of 
he geological periods is to be gathered from the layers of sedi- 
aent that successively settled down at the sea-bottom. The 
ecords which it is the task of the geologist to decipher, are for 
he most part written in sand and mud — the deposits of the 
cean, for in by far the larger number of formations into which 
he stratified part of the earth's crust has been divided, and 
rhich form his only guide to the history of the past, he can 
[etect no trace of land. HiU and valley have alike disap- 
peared, and the character of their scenery and inhabitants he 
an often but dimly coiyecture from the nature of the sediment 
jid of the drifted terrestrial relics that may chance to be foimd 
mong strata wholly marine. 
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CHAPTER X. 

The structure of the Rtratified part of the earth's crust couTeDienUy studied by the 
examinatioii of a single formation — A coal-field selected for this purpose— Ilhiatnr 
tion of the principles necessary to such an inyestigation — The antiquities of a ooontry 
of value in compiling its pre-historic annals^ Geological antiquities equally valTuUe 
and more satisfoctorily arranged — Order of superposition of stratified formation— 
Each formation contains its own suite of organic remains — The age of the boolder 
defined by this test fh>m fossils— Each formation as a rule shades into the adjaoenl 
ones — Mineral substances chiefly composing the Htratified rocks few in number- 
Not of much value in themselves as a test of age — The Mid-Lothian ooal-barin— 
Its subdivisions — The limestone of Burdiehouse — Its fossil remains — Its probable 
origin— Carboniferous limestone series of Mid-Lothian— Its relation to that of Eng- 
land — Its organic remains totally different from those of Burdiehouse — Structure 
and scenery of B.oman Camp Hill— Its quarries of the mountain limestone— FoEsili 
of these quarries indicative of an ancient ocean-bed — Origin of the limestones- 
Similar formations still in progress — Coral-reefs and their calcareous silt— Suuet 
among the old quarries of Roman Camp Hill. 

Among the standard jokes of ancient Athens was that of 
the simpleton who, with the intent of selling his house, carried 
about a brick as a specimen. In this and the following chap- 
ter I propose to follow his example, and, for the purpose of 
giving my reader a correct notion of the structure displayed in 
the stratified portion of the earth's crust, to select therefrom a 
single formation whose details will connect together the subjects 
discussed in the previous pages. And in so doing it will, I trufit, 
be found that what was ludicrous in the hands of the Greek 
becomes sober sense in those of the geologist. The " brick," 
then, which I would humbly present to the thoughtful consi- 
deration of the reader as really a specimen of the house of 
which it forms a part, has been termed the " Carboniferous 
System," and consists of a series of stratified rocks sometimes 
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nearly 15,000 feet Uiick. The plants and aniroala found in I 
these strata have been already described Bomewhat ia detiul, 
and we have turned aside to look at tho pTocesees whereby 
euch masses of Bedimentary rock came to he aucumuiated. 
But we shall probably better understand the habits of the 
animals and the general aspect of the vegetation, aa ^ell as the 
agenciea at work in depositing vast beds of raineral matter, if 
we take a coal-field and analyse it stratum h; stratum, marking 
aa we go their varied and ever-changing diaracter, and the cor- 
reaponding diversity of the included organic remains. Such an 
examiuatiiin will bring before us some of the more striking and 
important laws uf geological research, and while of uae to the ! 
young observer, may be not without eome share of interest to the 
general reader. Before beginning, however, let me endeavour 
to illufltrate the principles that will guide us by a simple 
tiiough hypothetical story. 

Suppose the bed of the Fiith of Forth were raised above the 
level of the sea and covered over with verdnre, and that, in 
ifrnorance of the previous topography of tlie locahty, a mason 
were to excavate on the lately-born land the foundation for a 
dwelling-houBe. Immediately below the grass he would come ' 
npou layers of hardened mnd containing oyater-heda, with 
detached valves of cockles, musselB, fish-bones, and perhaps the 
tooth of an anchor or the timber of some old herring-boat 
Kow, if he were gifted with but ordinaiy intelUgenee, what 
would he at once conclude from these remains 1 Plainly, that 
the spot on which he stood had once been the bed of the sea. ■ 
And if in place of appearing as dry mud and sand these 1 
deposits had got hardened into shale and sandstone, and the 1 
^ells, too, had become hard and stony, this woidd not alter 
Ms convictions. He would still assert positively that he stood 
upon an old soa-^bottum. And siipytose Atrthcr, that all this 
were far away from any sea, still such a circumstance could 
make no change in his opinion ; he would rightly assert that 
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the place of sea and land migiit varj, and that the ocean's 
being now many milea dJBtant could be no ar^ment agwiut 
the waves haring once rolled over the site of the intended 
dweUing-house. Let xm further imagine that he continues blB 
trench, anil in sinting deeper comes to a bed of dark peat witS 
BQail-ahells and bones of she«p, deer, and oxen. What will he 
infer from these? Clearly that they represent an old kod- 
aiirface, once covered with vegetation and browsed over Ij 
ruminant animals, and that this old land-surface has at some 
distant period been submerged beneath the sea. Suppose, 
moreover, that below the peat there were a thia bed of reeda 
and rushes intermingled with the monldering remains of fresh- 
water shells. He would in that ease infer that before the 
formation of the peat the locaUty was occupied by a lake. 

Putting now alt these deductions together, our mason would 
have evolved a very interesting history. He would have ascer- 
tained that in a bygone ago the spot on which he stood was ttie 
site of a lake, tenanted by delicate sheik and fringed with reeda 
and rushes, where the coot and the mallard may have roared their 
young ; that in process of time the vegetation gained upon the 
water, choking up the lake, so as gradually to form a soil firm 
enough to snpport sheep, deer, and oxen, and yielding shady 
coverts whither the antlered stag could retire and lay him 
down to die ; that in after years the sea had encroached upoD 
the peat^moss, snd oyster-beds begun to form where cattle hai 
been wont to browse ; that ag^n the ocean receded, and the 
land emerged to assume new verdure and receive new in- 
habitants. 

How, in all this reaaoning there is no hypothesis or specula- 
tion. The mason proves himself an intelligent, honest feUosr, 
and uses his eyes and his head where many other men would 
perchance see veiy little need for the use of either. There Can 
be no setting aside of his stoiy ; he can appeal to facte 
•' There," says he, " is a layer of peat with the rush-stalks and 
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moBS-fibres matted together in the soft brown mouldering Bub- 
Btance, exactly aa I have seen them a ImndreJ tintes in the 
peat-cuttings on' the moors, and I cannot but boUeve that they 
must both have had the aoine origin, that ie, that they grev in 
swampy hollows of the land. There, tuo, lies a etratum of 
fresh-water shelle identical with those that occur in our ponds 
and marehes. Although mouldering now, they are evidently 
not fragmentaiy, but entire and unbroken ; some of them aw 
young, others full-grown, and they lie grouped together as in 
our present lakes. Such shells coidd ouly live in fresh wat«r, 
therefore the spot where I stand must have been at one time ft 
freah-water lake. There, again," he contiimes, " is a bed of 
oyaters which cannot have been transported hither, for their 
valves ore together, lying juet aa they do in our present oyster- 
beds. This green field, therefore, must have been at one 
period a muddy sea-bottom." 

After this manner and upon this kind of evidence must all 
inqairiee into the past changes of the earth's surface be con- 
ducted. And provided only we proceed cautiously, reasoning 
from positive facte, and striving as far as possible to exhaust 
what Bacon ealle the " negative instances," our deductions poB- 
BGsa all the certainty of truth. For in much the siune fashion 
do we derive no small part of our acqimintance with the early 
lustory of our own land, aa well as with the arts and customs 
of other nations. The scattered relics turned up by the opera- 
tions of the fanner — wooden canoes, flint hatdieta, golii torques, 
bronze p.ots, fragments of pottery, and rusty coins — all hav» 
their bearing upon the annals of the country, and bo clear is; 
the evidence which they read out that an eminent antiquary- 
.has divided the early ages of Scotland into three periods, di»- 
Knguished, from the character of their relics, as the " Stone 
Period," the " Bionze Period," and tlie " Iron Period." ^ But 
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in such B, ckssificatiiiu the historian has little to guide him 
save the nature of the relics themselves. He place* the rudat 
first, and groups the rest in sugccsbIoo, according to the li^m 
nf advancement in civiliiiatiDn. which they respectively indiott- 
And the grouping seeras just, though in some eaaes olgecte 
belonging to two of these periods may have been to vms 
extent contemporaneous, just ns thatched roofs gave way to tilei, 
tiles to slates, and slates partly to lead, though at the present 
day s walk of half an hour in some localities will bring beta 
us specimens of all these stales still in use. If, however, tlie 
relics of geological history lay scattered about like those of 
early Scottish history, all hope of ever attaining to anytbiog 
like a correct chronology and arrangement would have to le 
abandoned in despair. In truth, it would then be imposMUe 
to conjecture whether any succession of ages precediod man, 
during which other tribes of plants and animals lived and died, 
or whether the whole mass of fossiliferous rocks had been 
accumulated since the human era, or perhaps created just as m 
find them. But all this uncertainty and confusion has been 
obviated dmply ly the foaaila being ranged in beds vertically 
aliove each other, the oldest at the bottom and the latest (t 
the top. So that if we find in a low clilT along the sltoR 
Mown sand and broken whelks immediately beneath the y^ 
table mould, and oyster-valvea in a clayey bed three feet below, 
TTB pronounce the oysters to have lived before the whelks, and 
thai between their respective lifetimes a sufficient interval mast 
liave elapsed to allow three feet of sand, clay, and gravel, to 
ftocumulate. What is thus true on the small scale hulds 
equally so on the large. The stratified formations in whioli 
organio remains occur are found to be grouped reg<ilarly om 
each other in a settled invariable order. If A be below B in 
:&igland it will be below B all over the worid, and if C be 
above D at the North Pole it wiU be so at the South Pole loo, 
and at every locality where the two rocks lie together. This 
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It of superposition forms one of the grand tests for the age 
of different rock masses. By means of this simple rule the 
geologist has beeu enabled to arrange tlie different stratified 
fonnations, supplying the raiaeing portionB of one locality from 
the more complete series of another, so as to form n chronolo- 
gical table of no small part of our planet's primeval history. 

But this is not all. We must attend to the character of the , 
organiatns as well aa to their order of occurrence. We must 
distinguish the animal from the vegetable, the terrestrial from 
the marine, and scrupulously esainioe tho peculiarities of each 
BO as to recognise them agmu in other strata. By such careful 
Bcmtiny ve may trace out the successive changes in the phyri- 
cal aspect of a district during past times, viewing in terrestrial 
plftntB (when clearly occupying their original site) evidence of an 
old land-surface ; in eyprida, vnioa, laid paltidinis, tra<;es of a 
former lake ; and in corals and marine sheUs, unmistakable 
proots of an ancient searhottom. Still further, hy marking the 
specific i^araeter of such fossils w« ohtain a key to the age of 
many rocks that otherwise would be unintelligible, for it ta 
found that each of the stratified formations, from the oldest 
upwards, has its own pecuhar and characteristic organisms recog- 
nisable all over the worid. This test of the geological position 
and age of any fossiliferous rock has a peculiar value, for it can 
be applied with infallible success where every other fails. The 
order of superposition is often obscured by dislocations and 
other causes, and the mineraiogical texture of a formation may 
change entirely in a short space ; but if the imbedded fossils 
remain, we can he at no loss as to the relationship of the rock 
-which contains them. And hence, if in some lone island of the 
Hebrides, haunted only by the screaming sea-fowl, we find a patch 
of shale containing ammonites, belemnites, and a host of other 
shells in large measure identii^al with those occurring among 
tho claya and limestones of Gloucestershire, we infer that they 
must all belong to one series and be of the same age ; that, as 
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ire kuow tlio English beds to form part of a formation calletl 
lias, of which the exact place in the geological scale has been 
aacertftiiieU, ao in like manner the Scottish be4la must oorapy * ' 
poBitiou in tlie same series ; and that consequently there wa»a 
time when the site of Cheltenham and part of the Hebrides 1^ 
each beneath a sea which t«emed with ammonites, belenmitoB, 
ftnd many other molluBca, along, too, with the bulky sauriam 
of the Lias. And yet no study of the surrounding rocks in tlie 
northern locality, even if carried on for a thousand years, oooU 
ever have thrown one ray of light upon the subject. In an 
earlier page our grey rounded boulder was introduced tu tha 
reader as a mass of sandBtone belonging to the CarhonifeMUi 
group of rocks. How could one be sure of the precise geolo- 
giraJ age of a loose water-worn block that might have JOM' 
neywl all round the world 1 Simply by its included fiwak 
The ealamite, lepidodendron, and etigmaria, revealed the date of 
the stone as clearly and nnmistakahly as if we had seen it 
lifted from its original bed by the lever and crane of the quanf- 
man. These plants are peculiarly charactcriBtie of the Cw- 
boniferous strata, and they consequently stamp as undoubted!; 
of carboniferous age the rock which contains them, whether it 
be sandstone or conglomerate, limestone or shale, uid whether 
we meet with it among the newiy-raised blocks of the quarry, 
«r among the pebbles of the aea-ahora Each geological form*- 
tion, I repeat, beginning at the oldest known to us, and ending 
with those that are still formmg in our lakes and seas, has it) 
own set of organic remains whereby we eon detect it whereror 
it may chance to occur, from the equator to the poles. Each 
has its Btffle, so to speak, Just as we ,can at once tell wfaethir 
a drawing represents a Hindoo, Egyptian, AsBjrian, Cbeek, 
or Gothic temple, simply from the general elj/le of the anihi- 
t«cture. 

Could we but voyage back in time as we can sail forward in 
ipace, we should find each of the geological formations not leffi 
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clearly defined than are tlie ilitjereut uatious anil countries of 
tie present day.^ Were tlie reader suddenly eet down in an 
out-of-the-way street of Paris, lie would probably not be long 
in discovering that lie stood on French ground. Or if spirited 
away in his sleep he should awake on the hanks of the Nile, he 
would soon ascertain himself to be in the land of the Ptolemies. ■ 
And flo if you transported a geoli^st blindfold into a quany 
where auiraonites and beleninitas aboun<led, mingled here and 
there with bones of ichthyosaura and pleaiosaura, he would tdl 
you at once that the quarry lay among liassic strata. Or if 
he were placed in a ravine where the rocks on either hand dis- 
played fem-Btenis, lepidodendra, Btigmario;, and sigillarias, he 
would tell you that the surrounding district was one of carbo- 
niferoufl touts, and that probably at no great distance there 
might be found emoking eugines and dozens of coal-pits. Or 
cotdd you set him down in soine dark night upon a wild coast- 
line, and show him, perchance by the flare of torch-light, hones 
tmd scales of osteolepis, ptciichthys, and dipteruH, lying on the 
rocks around, he would tell you that the grim erugs which shot 
up into the gloom were as ancient as the era of the Old Ked 
Sandstone. In any case the character of the rock would 
dguify nothing, nor would he care about the general features of 
the landscape, though these too become important characteristics 
in certain cases. Show him but a few recognisable fossilB, and 
you give him, as it were, an " Open Sesame " to which the 
rocks nufold their gates and reveal a store of wonders yet more 
varied than those in the cave of All Baba, 

But though the geological sjsttinis stand thus strongly marked 
off from each other when viewed as a whole, their boundary lines 
can often bo only approximately drawn, thereby reminding us that 
the divisions are of man's device, and can have had no place iu 
the plans of Him who needs not to chronicle His working by 
years and ages, but with whom there is no past and no future. 

> 8» unit. pp. 81, 13, uid Ibe T^ble of Boolci Bl the end or A« lol 
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One formation insensibly passes into another just as one nation 
merges into those around it. There are sometimes gaps, how- 
ever, between the formations, serving to mark out strongly the 
limits of each,^ precisely as intervening seas and mountain-chaios 
serve to mark out the boundaries of different peoples and triles. 

The mineral substances of which these formations consist are 
comparatively few in number, being chiefly varieties of sand- 
stone, shale, conglomerate, and limestone. One sandstone can 
often be scarcely distinguished from another, and so also with 
the other rocks ; hence such tests as mineralogical texture supplies 
can seldom be relied on to determine the age of rocks. We can 
prove, for example, that a series of limestones in England may 
be identical in age with a set of sandstones in Sweden, and with 
a group of shales in America, because they all contain the same 
or representative genera and species of organic remains. They 
occupy the same position in the geological scale ; that is, the 
animals whose fossilized remains lie buried in these rocks were 
all living at the same time, while lime was gathering at the 
sea-bottom over the site of part of England, and sand was being 
thrown down upon a portion of what is now Sweden, and mud 
was accumulating over a submerged area of America. In such 
cases the differences of mineralogical character go for nothing 
in determining the age of the rocks ; we have to rely solely on 
the embedded fossils, and on the order of superposition. 

Keeping in view, then, that the formations into which the 

1 Such cases, however, are probably merely local, and may have originated from some 
features in the ancient physical geography of thq districts where they occur. For instance, 
it has always been thought that palaeozoic ages were marked off by a strong line of de- 
marcation from succeeding secondary time?. But the gap which occurs in Englaad, 
France, and Germany, is being slowly filled up from the evidence furnished by other 
countries, and we shall probably find in the end that the Permian dovetailed with the 
Trias as closely as the Silurian with the Old Red, or the Lias with the Oolite. In trath, 
the longer we study the past history of our planet the less do we see of hiatus and chasm 
and sharp clearly defined boundary line ; while the doctrine of a uniform system of 
laws and arrangements in the physical world, first philosophically propounded in the 
immortal "Principles" of Sir Charles Lyell, is ever receiving fresh conflrmation. 
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geologist has grouped the stratified poi-tion of the earth's cnist 
have a. settled and invariable onler of occurrence, that each of 
them contains its own peculiar and churaoteristic group of o 
ganic remains whereby it can be recognised in any part of the 
world, and that Buch remains form often the sole t^st at once 
of the geologic age and of the origin ol' the rocks wherein they 
lie, we may return to the plan above propoaed and endeavour to 
imderstand the structure of a c«al-field. For this purpose it 
may be well to select one of the northern coal-fields of Britain, 
since these perhaps display a greater variety in their organic « 
tenta, and bear evidence of more diveisified changes in their mode 
of forraarion than can be seen in those of the south. Tl^ strata , 
that compose the coal-basin of Mid-Lothian will probably best < 
anit our purpose, as they are free from the disturbing effecta 
of those igneous intrusions which play bo important a part 
among similar rocks to the north and west. 

The Mid-Iiothian coal-field compriseH a mass of stratified beds 
of aandstone, shale, coal, ironstone, and limestone, the united 
depth of the whole being above 3000 feet. By reference to 
the annexed Table it will be seen that the lowest beds of the 
section are chiefly sandstones and shales, extending downwards 
to an unknown depth, without any coal that can be profitably 
worked. These under-strata fonn the Lower CarlioniferonB 
group. Above them comes a middle zone in which the charac- 
teristic beds are of limestone, comprising the middle portion or 
Mountain Limestone of the Scottish Carboniferous rocks. The 
third and highest subdivision forms the Upper Carboniferous | 
group or tnie Coal Meaanrea, and constitutes the whole of what 
is properly the Mid-Lothian coal-field. For the sake of noting 
some of the remarkable changes exhibited in the character of 
the rocks, it may be well to begin our survey among the upper 
beds of the under group. Let ua take aa our hose the famous 
limestone of Biu'diehouse, and work our way upward through 
the four thousand feet of strata that lie piled above it. 
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VERTICAL SECTION OF THE MID-LOTHIAN COAL-FIELD. 
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Boilyn Sukdttona 
Group. 

(About IffOO feet.) 
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Edfe Coal Group. 

(800-900 feet) 



A series of sandstones, shalei, 
and flre-clays, with interbedded 
seams of coal occupying the cen- 
tral area of Mid-Lothian coal- 
field. 



A great series of sandstonei 
and shales with three seams of 
marine limestone (marked bere 
by dotted lines). With the ex- 
ception of one or two thin fieamt 
it contains no coal, and serves in 
this way to mark off the oosl- 
bearing beds above firom tiie rtill 
richer coal-bearing beds below. 



A group of sandstones and 
shales similar to those at the Vap, 
and like them abounding in coal 
seams, some of which are thick 
and valuable. 
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Burdiehoufie Lime- 
stone. (27 feet.) 

Thickness of Lower 
Carboniferous Bocks 
unknown, but pro- 
bably greater than 
that of the upper. 
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A iiet of marine limestoDes 
intercalated with sandstones, 
shales, and a few seams of ooaL 



Bandstones and shales extend* 
ing to an unknown depth, often 
with seams of dull-grey compact 
limestone, rarely of coal. The 
beds become very red towards 
the base, and wholly devoid of 
fossils. 
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The BufdieliciuHe UmestoDe is tweuty-Beveii feet thick, of a 
yellowish or blQiah-grey colour, very cimipaet, splintery, tuid 
often fisBile in structure, witli a finely atripeii and laminated 
appearance, which probably indicates a alow and tranquil origin. 
It is crowded with fossils, every fr^ment when taken up show- 
ing its seed-cone, fern-stem, figh-Bcale, or minute cijpi-idet. All 
the plants seem to belong to terreBtrial speoies, and have a 
brolcea and often a macerated look. Manifeetly they never 
grew where we now find their rem.ainB ; they must have come 
drifting down from swamp, or jungle, or hill-side. And so we 
come to know that during the later ages of the Lower Carboui- 
feroua period, there lay somewhere in the neighbourhood of 
BurdiehouBB a land clothed with ferns and club-masses, and 
through whose swampy hollows there spread a network of etig- 
mari^ while sigillariss waved their fronds high overhead. 
From what has been said on a previous puge we may infer that 
the climate of the old laud was moist and equable like that of 
Kew Zealand, nourishing a prohflc growth of ferns and other 
plants comparatively low in the botanical scale. The scenery 
(jf the vegetation displayed perhaps no great variety of outline, 
but exhibited rather an endless succession of tlie same graceful 

But the limestone presents us with other remains than merely 
those of terrestrial plants. It displays in abundance the minute 
dissevered coses of cypns, the small crustaceous animal described 
above. Beuent species of this genua inhabit stagnant ponds o 
the bottoms of gently-flowing rivers, aud we hence infer that 
the ancient species must iu like mauner have posseaaed a simi- 
lar habitat, and consequently that the rocks which preserve 
their remains must have been deposited in freah (or, perhaps, 
hraddsh) water. Tried by this test the Burdiehouse limestone 
roust be regarded aa a lacustrine, or more probably a lluviatile 
formation, Which gathered slowly on an undisturbed bottom 
swarming with ciTWtaceans and plentifully covered with leaves. 
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branches, rootlets, and other fragments of terrestrial plants 
brought down by streams from the adjoining land. Thus the 
inferences drawn from the numerous plants, and from the 
countless multitude of cypris-cases, come to be mutually corrobo- 
rative. The former tell us of some neighbouring forest-coYCTed 
country ; the latter lead us, as it were, into its river-moaths, 
whence we can descry the waving woods on either side. 

Still we have not exhausted all the fossil remains of the 
Burdiehouse rocks. Mingled among the stems of ferns and 
lepidodendra, and the scattered valves of the cyprides, lie the 
scales, teeth, and bones, of several large ganoidal fishes, along 
with entire specimens of the smaller genera. The scales of 
holoptychius are especially abundant, often crowded together 
by dozens, and probably not far out of the arrangement they 
had when grouped on the body of the living animal. Detached 
teeth of the same fish also jfrequently occur along with dis- 
jointed internal bones. The remains of the contemporary 
megalichthys likewise abound, more particularly the scales, which 
have a fine nut-brown colour, and dot the siuface of the rock 
with their bright glittering enamel. Several other smaller 
ganoids may be met with, especially a small and elegant 
species of Palseoniscus {P. Robisoni)^ and one of Eurynotua, 
a fish remarkable for the great size of its dorsal fin. Not 
uncommon, too, are the ichthyodorulites of a gigantic placoid — 
the Gyracanthm formoms — ^with all their delicately-fretted 
ornament and a peculiar crystalline glistening surface whm 
broken across, whereby the smallest fragment can be easily 
distinguished from any other bone in the limestone. Such are 
• the ichthyic remains of the Burdiehouse beds ; what deductions 
can be legitimately drawn from them ] 

As before, we must have recourse to the analogy of living 
nature. The existing ganoidal fishes chiefly inhabit lakes and 
rivers, especially near the confluence of the latt«r with the 
ocean. They feed on the decaying matter brought down from 
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the land, or on t)ie minute cruKtacea that swarm upna tlje 
river-bottom. 11^ aa seems probable, the ancient ganoiUa Lud 
habita Bjmilar to those of their preaent repreaentatives, then the 
rooks wherein their reiuaiua oeeur abundantly may haye origi- 
nated OQ riTer-bottoms, and such may have been the uaae at 
Eurdiehouse. So that here again we have corroborative evi- 
dence of the fluviatile origin of the limestone in question. But 
besides the remaina of ganoidal fiehea there occur the defensive 
spines of placoids. Ifow, the plawids are emphatically marine 
fieheB, and the sole living representative of the most andent 
genera of this urder is the Port-Jackaon shark, that haunta the 
teaa roimd Australia. The ichtbyodurulites of Biirdicliouse, 
therefore, if we would apply analogy consistently, must be 
regarded ae the relics of mariBe species. And this conclusion, 
too, will be found in entire harmony with thoso already ob- 
t^ned, fur if we are right in assuming the Burdiehouse strata 
to have originated at a river-bottom, particularly near the sea, 
we may expect to find the remains of marine predaceous fishes 
imbedded m the sediment that gatbered there, just as the teeth 
of the shark may be preserved among the mud formmg in the 
upper reaches of many British estuaries, seeing that not a few 
instances are known where that fish has been stranded on such 
shorea as those of the higher parta of the Firth of Forth. 
These Burdiehowse ichthyodorulitea give positive proof that the 
limestone could not have originated in a lake, and the only 
e^lanation left is that of a river-bottom. 

But it may perhaps be objected that, after all, these fish-re- 
mains are for the most part fragmentary, and may consequently 
he drifted specimens, so that uo conclusion as to the source of 
the rock can be based on their occiurence there. The imbedded 
land-plants confesaediy came irom some distance, why may not 
the same have been the case with the bones and scales of the 
river-haunting ganoid fishes 1 And, indeed, did we regard 
these fish-bones and scales merely in themselves, the argimient 
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might not iiurhapB be very eafiily answered, althoagh the greal 
nutubera and perfect outline of the bones, teeth, and scaler, 
ufford pretty Htroiig evidence that the ownera lived and died in 
the locality where their remains are found Bat thent ia s 
(illriuiis kind of evidence to bo gleaned from the rocks araond 
thcni whereby this objection can be at once set aflide. In ^ 
InncBtone ititelf, and espcoiolly in Bome of the shales abavc, 
there occur va§t numbers of small oblong coprolitic concretioin 
of a dirty yellow or brown colour, full of acalea and fragment* rf 
bone. There can be no donbt that these are the excremental 
ntnains of predaceous animals, while their great number and pE^ 
preservation assure us that they could not have been driiW 
a (liNtuiice, but must rather have been deposited on thu spot 
we now find them. And thus we conclude that the rite of 
^rdiohouse must have been, a favourite haunt of these bone- 
covered fishes; that the bulkier forms, armed with pointed teeth 
or barbell-spines, preyed upon their humbler congeners, white 
these in turn may have fed on the cyprides that swarmed by 
lillions at the bottom of the estuary. I have often detected 
these ooprolites tlio peculiarly-sculptured acalea of the pali«o- 
These graceful Uttle anunals must, therefore, have died 
it their lordlier brethren might dine. 

On a survey, then, of the whole evidence from fossils, we we 
led to conclude that the Burdiehouse limestone was elowlj 
elaborated at the bottom of an estuary, into which the remaiu 
terroatrial plants were drifted from the land, while bone- 
rered tishea haunted the waters, and into these buey scenes 
inge sharks ascended from the sea to share in the decaying 
putrescent matter ever brought down from the interior. 

The upiter ]iart of the limestone is shaly and argillaceons, 

and rests below a series of shales and thin sandstones. If the 

.question were asked, what caused the change from limestone 

shale, from the deposition of a calcareous to that of a muddy 

lent, several answers might be given. The most probahh 
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B to be the following. The limestone on weathered surfaceg 
B the mouldering casts of cypriB-casea sometimeB in Buoh 
abundance ae to show that the rock must be largely made up of 
them. The cjpridee of the preaent day probably cast their shellB 
anmially ; the integuments thus thrown off forming imder 
faTourahle circumatancea a thin mouldering calcareous marl at 
the bottom of the pond or marsh, along with the decaying 
aheUs of paludina, planorbU, Umn«i, or other freah-water 
molluscs. We may conceive the Burdiehonee lunestone to have 
had a similar origin. The cyprides, inhabiting water that mh- 
tained little argdlaceons matter, must havo propagated by 
myriads, and dming a long period of repose, in which the i 
ditions of land and sea, and the directiouB of tidal currents and 
river-courses, appear not to have greatly varied in the neigh- 
bourhood of Burdiehouse, the calcareous exuviae of these minutp 
j ^niniH.la^ along perhaps with the remains of other estuarine or 
fiuviatilo organisms,' would form each year a scarce appreciable 
stratum, until by slow aggregation a bed twenty-seven feet de6p 
was elaborated. Each successive amiual layer would hardly 
settle down more perceptibly or more rapidly than " the flick- 
ering dust that mottles the floor of some old haunted chambOT.", 
At last, however, this condition of thinp came to he modi- 
fied. The direction of the river channel aUmg some part of its 
couTBe had varied, or some analogous dmnge had taken place, 
ao that muddy sediment transported irom the land aauk down 
timid the cyprides at the bottom. In eircuni stances so nncon- 
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genial theae tiny denizens of the estuaiy diminished in numbers 
until the silt and sand came down so rapidly and in such 
almndance that they eventually died out Alluvial matter 
still darkened the water and covered the river-bottom, en- 
veloping now the fronds of a delicate fern that had waved 
along the margin of some sequestered lake far inland, anon a 
seed-cone that had been shaken by the breeze from the spiky 
branches of some tall cluVmoss. Among these muddy beds 
occur numerous coprolites and fish-scales, along with (^pris- 
cases and a few shells of unio (?), showing that though the 
cyprides were decreasing, the water still presented the old estuaiy 
conditions and still swarmed with life. 

Eventually there came other changes in the direction or 
rapidity of river currents, and the accumulations of mud and 
silt were succeeded by a long protracted deposition of yellow 
sand, now forming the sandstone of Straiton. It enclosed 
many stems of stigmaria, lepidodendron, &c., and in certain 
limited areas these plants matted together in such qiiantities 
that their remains now form thin irregular seams of coaL It 
would appear, therefore, that notwithstanding these changes in 
the matter transported and deposited at the locality in question, 
the estuary character of the locality remained essentially the 
same. The sand was at length replaced by fresh accumulatioDS 
of mud and sandy silt, which went to form the beds of shale 
and shaly sandstone now found above the Straiton rock. 

When in the course of many long centuries a depth of strata 
amounting to fully 300 feet had been amassed, the area of Mid- 
Lothian underwent a total change. Owing to a depression of 
the earth's crust, that seems to have been general over the whole 
of central Scotland, the estuary in which the Burdiehouse lime- 
stone and superincumbent strata were deposited became open 
sea. As the evidence of this change rests solely on the <^- 
acter of the imbedded organic remains, we shall pursue our 
induction by examining the beds somewhat in detail 
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Eher more than 300 feet above tlic liineBtone of Burdie- 
house there uecurs m the Mid-Lothian cual-field ft Beries of 
shales and seams of limestone. The former are somettmeB 
black and hard, aomttuneH bluish-grey, soft, ami fret[uentlj- 
imbeddiug the remaina of ecveral |,'enera, of moUiuea and other 
organic remains. The limestones yaiy ooEsiderably in the 
thicknesa and general aspect of their several Beams, 8i>me being 
highly cryetalliKed and about two or three feet in depth, others 
doll, compact, and ranging up to twenty and thirty feet thick. 
The ahalcB and limeatonee are intercalated with and sometimes 
pasa into each other, through the gradations of ehaly limestone 
and oalcareouB shales. The whole series may measure 150 to 
200 feet, reeting on the Straiton Eandstone below, and passing 
upwards hito the under part of the coal-beariog strata of Mid- 
Lothian known aa the Edge teries. These limestones form the 
northern marine equivalents of the mountain limestone of Eng- 
land, while tiie Bandstonee and shales on which they reet, 
including the Burdiehouse beds and all the Lower CatboniferouB 
group, must probably be regarded aa estuarine equivalents of 
the same formation. That is to say, while marine limeetones 
were accumulating over the site of ueiitra! EBglaad, Bandstone, 
shale, and drifted plants, were slowly gathering in a wide 
estuary over what is now central Scotland, and only at the 
close of the period did marine limeetonea form simultaneously 
at both localities. 

In examining these Mid-Lotliian beds we are stnick at o 
with the great dissimilarity that ubtaina between their organic 
remains and those of the underlying strata. All the land- 
plsnte disappear — ferns, lepidodendra, sigillariai, and stigmarife. 
The cyprides, too, no longer occur, though the shalcB Beem, at a 
first glance, to differ in no respect from those imdemeath, in 
some of which the cypria-eases were seen to abound. Neither 
can we detect the glittering scales and teeth that stood out ii 
such strong relief upon the rocks below. Yet tho foss^ ^ 
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scarcely less numerous than they were in the lower beds. Nay, 
in some of the limestones they lie so crowded together that the 
rock seems entirely made up of them. Plainly sudi a total 
renovation of organic life points to some equally extensive 
change of a physical kind. Let us examine for a little some of 
the fossil remains occurring in the mountain limestone series 
of Mid-Lothian, and read off, if we can, the revolutions which 
they chronicle. 

The neighbourhood of Edinburgh affords many facilities for 
the study of these rocks. They can be seen, for instance, at 
many points along the ridge of the Eoman Camp Hill, near 
Dalkeith, exposed in the operations of quarrying. That ridge 
is formed by what is known technically as an anticlinal axis 
(Fig. 32) ; in other words, the lower beds of the coal-measures 

Mid-Lothian Basin. Roman Camp Tlill. Ea^t-Lothian Basin. 

i 




Fig. 32.— Section from Gilmerton to Crichton ; a, Lower Carboniferons ; 6, Moantain 
Limestone ; c, Edge Series; d, Roslyn Sandstone Qroup; e. Flat Coals; y, Diift. 

rise up here into a sort of broad wave-like undulation, round 
the sides of which the higher parts of the series are folded. 
The elevated area has either been pushed up from below, or 
the more level country around has subsided into two trough- 
like hollows, so that now the strata, which geologically speak- 
ing are lowest, come to occupy the highest ground in the 
district. Seated on some of the opener spots of this woody 
eminence the observer has a noble prospect on which to expa- 
tiate. The ground around him is rich in historic associations, 
and links itself to many a varied page in the annals of Scot- 
land. The hill on which he rests is crowned by the moulder- 
wg mounds of what tradition reports to have been a Eoman 
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station, but which maj perLape belong to a still earlier 
A few hundred yards north rise the wooded slopes of Curberry 
Hill, where tlie hapless Mary surrendered to her rebel lords, 
and whence Bhe was led into her own capital amid the inaults 
of an infuriate rabble. Northward, too, lies the fatal field of 
Pinkie, and eastward the less deadly hut not less decisive field 
of Preatonpans. To the west the eye can mark the grey smoke 
of the Scottish, metropolis, with its dusky towers and its lion- 
shaped hill, and then the blue waving outline of the Pentlands 
that sweep away south and lose themselves among the distant 
hiUs which ginlle in the eoal-basin. of Edinburgh and Hadding- 
ton. The course of the Esk — that fabiilomis amnw— paases 
by many a time-honoured spot, from Habbie'a Howe and the 
scene of the Gentle Shepherd down by the haunted scenery of 
Boslyn, the clili's of Hawthomden, the grounds of Newbattle, 
and the old Roman station of Inveresk. Eaat, west, and south, 
the broad expanse of green field and clustering wood swells up- 
ward to the distant hills that encircle the landscape with a wavy 
line of softest blue. Northwanl the eye rests on the Firth of 
Forth with its solitary sails, bounded by the boaky heights of 
Fifb, and opening outwards by the May Island and the £aaB 
Rock into the far-off hazy ocean. On every side objects of 
historic interest lie crowded together, about which many plea- 
sant volumes have been and might still be written. If the 
observer be a lover of geological science he will find an 
nation of the structure of the hill to impart an additional 
interest to the scene. From the wide panorama of hUl and 
dale, river and sea, with all its battle-fields, caatles, atid abbeyf 
and all its memories of the olden time, let liim turn into on 
of the quarries that indent the flanks of the hill, and tiy to 
decipher there the records of a still older history. An hour or 
two thus spent will pass swiftly and pleasantly away, and 
quitting the quarry he will have gained a new hght in which 
to look on the landscape that lies spread out below. 
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The mountain limestone of Mid-Lothian consists, as has been 
mentioned, of several seams interbedded with black and calcareous 
shales. The quarries on Eoman Camp Hill have been opened 
in several of the thickest of these seams. Let us enter one of 
the excavations. A vertical face of rock forms the background, 
overhung above by long dangling tufts of withered grass, and 
washed below by a pool of water having that milky green tint 
peculiar to old lime-quarries. The lowest rock visible is a dull 
grey limestone with a yellowish weathered surface. Above it 
rests a mass of hard yellow calcareous shale, known to the work- 
men as " bands." This rock is worthless as a source of lime, 
nor from its irregular laminations and shivery structure has it 
much value in any other way. A few inches of surface-soil 
form the upper part of the section. It requires but a glance 
over the weathered surface of the limestone to mark that the 
rock abounds in fossils. Of these by far the most numerous 
are the joints of the stone-lily, for the most part of small size, 
and when broken across, with their minute central apertures, 
looking like so many fractured stems of tobacco-pipes. Other 
organisms also occur, such as a small delicately-plaited prt)- 
ductus, a larger and more boldly-ribbed spirifer, a small cyatho- 
phyllum or cup-coral, and the fragile interlacing meshes of one 
of the net-like bryozoa — the fenestella. Of rarer occurrence are 
the whorled shells called bellerophon, the long chambered 
shells of orthoceratites, and the grooved tapering shells of pinnae. 
Many of the same fossils can be detected in the beds above, 
which thus evidently all form part of one series with the rock 
below. What, then, were the circiunstances under which these 
strata originated % 

The answer to such a question is not far to seek. The 
corals and crinoids are exclusively marine families, and so any 
stratum in which their remains occur must have had a sub- 
marine origin. It matters not in this case though the speci- 
mens be fragmentary, showing a broken and drifted appearance. 
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For even supposing that they did not live at the spot whero 
their petrified relics are now exhumed by the tiperatious of the 
quanyman, granting that they were drifted from e. distance, 
still they could only have been drifted from one part of the 
aearbottom to another. The state of keeping of the specimen 
often tells vastly on the value of its evidence when it belongB 
to a land or fresh-water tribe. Thus, in one of the limeatoneB 
of West-Lothian I have found a black carbonized stem of sigil- 
laiia. Now, the sigillaria was a laud-plant as much as any 
of our hazels or willows, and where the evidence irom the 
associated organisms coineidfs, fiimishea its own testimony as 
to the origin of the rock which imbeds its remains. But the 
stem in question was a mere ti^gment, and showed moreover a 
worn macerated surface. Such a fossil had evidently no value 
as a test of the origin of the limestone, which might have been 
elaborated either in an inland lake or in open sea. That it 
had really a marine origin, and that the sigillaria actually was, 
as it seemed to have been, a drifted plant, I ascertained beyond 
a doubt by detecting on the same slab iiundreds of encrinal 
st«mB along with the shells, and thin, deUcate, silvery spiues of 
productus. Thus, then, the organisms of the land may he car- 
ried into the sea, and in dealing with their foasiliaed remains 
ia the deposits of former ages we must be very careful in the 
use of evidence derived from fragmentary and drifted specimens. 
But no Buch caution ia needed in regard to the productions of 
the sea. li' they he fragmenttoy and drifted, we may believe 
they were rolled about by tides and ciurents previous to their 
final entombment ; but still tliey remain as good : 
of the marine character of the rock in which they 

The fossils of Boman Camp Hill are not drifted specimens. 
They must have lived and died where the quarryman now'findB 
them. We recognise them as ail uneqnivoeally marine; corals. 
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iwiiioidH, ami brarhiopodoue molluacs, are all clearly the deni- 
sens of tlie aea, and hente w"e r.onclnde that they mark tiie 
site of an ancient ocean. The snail-Bhells that Ewaxm about 
the fruit-trees of our orchards not more unmiatakahly indicate 
a land-Burfflce than do theee petrified reiica evidence an old sea- 
bottom. Wo can argue, too, from the crowded way in whieh 
they lie grouped together, that life must have been prolific in 
these primeval waters. Every fragment of the rock shows its 
dozens, nay, hundreds, of stone-lily joints, di^ointed indeed, 
yet easily recognisable. They must hare swarmed ae thickly 
along the floor of the sea sa. the Btrong-stemmed tangle that 
darkens the bottom of many a picturesque bay along our 
western ooaste, yet with a graceftduess of outline such as none 
of our larger sea-weeds can boast. Less numerous but not leie 
markedly in situ are the shells of productuB and spirifer, the 
former with its finely-striated Burfaee fresli as if the creaturf 
had died but yesterday, while the slender spines with which it 
was armed lie strewed around. In short, the whole smte of 
urganisma points to a period of tranquU deposition in a aea of 
probably no great depth, where the lower forms of the animJiJ 
kingdom flourished in abundance, contributing by their calcare- 
secretiouB to form continuous layers of limestone. 
Such a condition of things finds a parallel in many parts of 
at the present day. Thus, the shores of the islands 
the Pacific are white with fine calcareous mud, that results 
from the aetion of breakers on the surromiding coral-ree& 
ThJB mud, enveloping fingmenta of coral, shells, sea-weed, drift- 
wood, and other extraneous substances, hardens on exposure, and 
becomes eventually a limestone, travertine, or calc-sinter. We 
Ly believe that the same process goea on out at sea, around 
edges of atolls or circular coral-reefb, and that the sedimeot 
i thrown down will enclose any zoophytea or molluscan 
ins that may lie at the sesrbottom, along perhaps with 
and occasional water-logged fri^ments of wood that have 
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ifted from lacd. Along tiii; ahorce of Guadaluupc a bed 
-(^^B colcareouB eilt has fonned since America was CDlonized 
by man, for it has been found to contain fragmenta of pottery, 
uTOw-heaxis, and other articles of buman workiminBhip,' The 
same roek has yielded, besides, the partially-petrified bones of 
aeveral hunrnn ekeletona, one of wliich, though without the 
head, forniB a prominent objeut among the fossil treasures of 
the British Museum. The rock in which these remains are 
embedded is described as harder than statuary marble, not- 
withstanding its recent origin. By supposing the some process 
to be carried on over a large area and for a long period, we 
may aee how a continuous stratum of limestone could be elabo- 
rated, full of fossil relics of corals, molluscs, and other marine 
productions. And in some such way, we may be permitted to 
believe, the seams of limestone on Roman Camp Hill were 
accumulated. The billows of that old carboniferous ocean may 
not have sent up their whitti surf itgainat the margin of snowy 
coral-reefe, bnt the currents below did their work of demolition 
aa effectually, and by sweeping through the submarine groves 
of stone-lilies and cup-corals, as the night winds of autumn 
sweep athwart the heavy-laden fields, would prostrate many a 
full-grown stem and scatter its loosened Joints among the 
thickening lime that covered the bottom. Stone-lily, cup- 
coral, net-coral, prodiictus, spirifer, pinna, nautilus, orthocera- 
tite, ail would eventually be entombed amid the decaying 
remains of their congeners, and thus produce a slowly-increasing 
seam of limestone. 

We still linger in the old quarry on Roman Camp Hill, but 
t^ day draws rapidly to a close, and the long level beams of 
the setting sun lighten up the higher grounds with a golden 
flush, while the valley below li(» deep in shade. The rays fall 
bristly on the abrupt face of limestone at the further end of 
the quarry, every prominence standing out in bold relief, and 

'Iaj^Vi Manual tfEkmmtariiBBilegi.P-'iil- Rfth edltliin. 
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casting its shadow far behind. Our eye, in passing over the 
sunlit rock, can detect the fractured joint of many an encrinite 
glancing in the light ; along, too, with the strongly defined out- 
lines of some of the lesser and more abundant molluscs — spiii- 
fers or producti. Some of them, sorely effaced by the rains, 
have begun to yield a scanty nestling place for creeping fibres 
of moss ; others yet bare, afford a rest to the Vanessa whereon 
to spread its wings in the mellow sunset ere flitting homewards 
among the dewy herbage. The bushes overhead scarcely rustle 
in the light-breathing air that comes fitfully across the land, 
and the long grass nods dreamily on the margin of the pool 
below. There rests a calm stillness on all the nearer landscape, 
and the distant ground blends away into the shades of evening. 
The scene, in short, has about it that solemn impressive repose 
which irresistibly arrests the fancy, and sets it to dress up into 
fantastic shapes the massive clouds that float in the western 
sky, to picture grim forms amid the misty shadows of the 
valley, or to dwell half dreaming upon the memories of the 
past, that come crowding through the mind in quick succession. 
Our labours among the fossils of the old quarry, however, enable 
fancy to draw her stores from another source. We muse on 
these petrified relics, gilded by the last rays of the setting sun, 
when slowly, like a dissolving view, sunset and herbage melt 
away, and the bottom of the old carboniferous ocean lies before 
us with its corals and shells and stone-lilies, stretching out their 
quivering arms, or expanding and contracting their flower-like 
petals amid a scene of ceaseless animation and activity. Geo- 
logy delights in contrasts, and assuredly the contrast presented 
to us this evening between the present and the past of Roman 
Camp Hill, will not rank among the least striking of those 
which she has to reveal. There is now spread over us the blue 
sky, richly hung with tinted clouds, and melodious with the 
evening songs of the lark, the blackbird, and the thrush. Not 
less surely did a wide expanse of sea during the Carboniferous era 
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roll over the hill on which we stand. And yonder silvery moon 
that mounts up amid the violet twilight of the east, has wit- 
nessed each scene and all the countless changes that have 
intervened between them. The same pale light that now begins 
to steal through the woods and athwart the fields, must have 
streamed down upon that old sea and illumined its green depths. 
Oceans and continents, islands and lakes, hills and valleys, have 
come and gone with all their successive races of living things, 
and that same planet has marked them alL She has seen, too, 
as but a thing of yesterday, the appearance of man upon the 
scene, with all the successive centuries that have elapsed since 
then. Truly the "goddess of the silver bow" would have a 
strange story to tell us could we interrogate her about the past. 
But the days of Endymion have gone by, and she now no longer 
visits in a personal form the seat of beings who gaze at her 
crescent orb and daringly pronounce it a scene of blasted ruin 
and desolation. 
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a delMtfed qacstioo — YneL fotal tree* ia niol ■iimmio — DrdMctioM to bo dnwi 
tbettfnm — Diffennee be<wwo die ■jofttoia timfHtnaw of SeoUuid and that of 
Eos'-aod— Coal-bcaiia^ c!iancter of the Doitbem aeriei— Diruions of the IDd- 
Locbian onal-fidd— Tbe Ed^ eoab—Tbdr origin iCmuated by the growth of moden 
dehaa— Delta of the Xile— Of the Himimippk—Ot the Gangea— Plrograi of fomatka 
of the Edge coals— Scenery of the period fike that of modem dnltan Ciknlatifim 
of the time required for the growth of a ccal-ftdd— Why of doubtful Talne— Bodyn 
SandBtose group— Aflbrds prooCi of a general and moie rapid rabsidenoe beneatii 
the lea^lu great eontiDaity— Probable origin— Flat rnali niinllii in origin to the 
Edge coab below— Their leries not now complete— Beoi4iita]ati<m of the geoflal 
changes indicated by the Mid-Lothian coal-field. 

Among the old quarries of Eoman Camp Hill and down the 
coarse of several streams in the same county, the limestone beds 
of the mountain limestone series are seen to be associated with 
strata of shale, some of which are highly calcareous, and chaiged 
with the same organic remains that occur in the limestones. 
Such shaly intercalations mark as before the transport and 
deposition of muddy sediment around and above the corals and 
stone-lilies of the sea-bottom. All these beds must undoubtedly 
be regarded as marine. But there occur, besides, seams of 
sandstone and black partially-bituminous shale, with layers 
of coal and fire-clay. To this singular intermixture it may be 
well to advert more particularly, since it forms one of the dis- 
*i««uishing features of these northern rocks, as contrasted with 
of central and south-western England, and more especially 
t will lead us to mark again the value of fossil remauis 
lence of the ancient changes of land and sea. 
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Re Bouthern part of Mid->Lothiaa conaists of a broa<l heatby 
moorland, that Bloiwa northward into the more cultivated 
country, and swella upward to the south into the aeries of luidu- 
lating ridges that fomi the Mooribot HiUs. It is traversed by 
several Btreama which rise high among the paaturo grounds of 
the south, and flow some into the valley of the Esk, aud thence 
into the isea at Musselburgh j others post tlie aneient fortalices 
of Borthwick and Crichton, and so by the valley of the Tyne 
into the sea at Tyniugham. In thcii upper courge they traverse 
a broad belt of the mountain limestone that strotches across 
this part of the country from east to west, and dips away north 
under the coal-field. Where the streams have been able to cut 
through the thick mantle of heath, Band, gravel, and clay, by 
which these higher grounds are covered, we sometimes obtain 
a complete section of the strata displayed in regular sequence 
along the bottom of the channels. Thus, one of the rivulets 
diat trickles slowly through the swampy groimd of Middieton 
Huir, on approaching tlie line of limestone begins to descend 
more rapidly, and has excavated its course through several feet 
of the rock below. The limeatonea are well exposed along each 
side of the stream, forming in some places steep walls tapestried 
with moss and overhung with scra^y furze, and oifermg to 
the student an instructive series of sections. Near the farm of 
Ekiperston, where the stream flows through a narrow secluded 
vaiey, the limestones form a floor which the water in the 
course of centuries has worn smooth, so that the rock with its 
induded enci!nal stems and shells, jwlished by the ceaseless 
flow of the current, shows like a sheet of variegated marble. 
At one point on the side of the water-course the observer may 
notice a low ledge of rock jutting out for a short way along 
the edge of the stream. The upper port is a liard compact 
limestone, full of small crinoidal joints. The bed underneath 
it has been greatly eroded by the rivulet, but enough remaina 
to show that the stratum is one of coaL It rests upon the 
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series of limestones and sandstones seen in the upper part of 
the water-course, and is surmounted by the thick limestones of 
Amiston and Middleton. A similar seam nineteen inches thick 
has been worked among the limestone about three miles to the 
west at Fountain. The same bed occurs among the quames on 
Roman Camp Hill already mentioned, and I have seen an equi- 
valent stratum intercalated among sheets of cup-corals and stone- 
lilies on the shore at Aberlady, where the waves have laid open 
perhaps the finest section of Carboniferous limestone strata in 
Scotland. In West-Lothian, too, the same intercalation of coal- 
seams among the mountain limestone beds can be seen in many 
places. Thus, in the bed of the River Almond, near Black- 
bum, the following section is laid bare : — 

Calcareous shale. 

Limestone (marine), eight feet. 

Calcareous shale, with spirifers^ &c. 

Coal, six to eight inches. 

Fire-clay. 

Sandstone. 

A short way further down the stream another bed of Kmestone 
occurs with several seams of coal below it, one of them attain- 
ing a thickness of six feet. 

In addition to the thin seam at Esperston, the Mid-Lothian 
field contains several others. Of these by much the most 
important is that known as the North Greens Seaip. It varies 
in thickness from only a few inches to fiilly 5 feet, and has 
been extensively worked for the parrot or gas-coal which it 
contains. It rests upon a pavement of shale, sometimes of 
fire-clay, and occurs about midway between two thick marine 
limestones, being from 80 to 90 feet distant from each. I 
have laid open many a block of the parrot-coal at the pit mouth, 
and marked the well-defined outlines of the stigmaria covered 
with a yellowish efflorescence of iron pyrites, like gilded figures 
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n a black velvet grouud. The plants lie with their divergent 
rootlets Bpread out regularly along the stem like teeth on the 
bock of a comb, thuB aeeining to indicate no hurried agglomo- 
ration by some tidal wave or turbid river, but rather a bIot 
aud trauqiiil depoaition. 

The foiiails of the coal-Beams consist for the moat part of tlie 
plants above described, which we saw to belong to teiYestnal 
apeeies. But the reader will now underetand that ia dealing 
irith organic remains we cannot infer, because a certain stratum 
contains nothing but land-plants, that it must necessarily by con- 
Bequence be a laad-formation. i'or we have seen that the planta 
of the fiurdiehouse limestone, though all terrestrial, gave no 
support to the idea that the rock had originated on laud. In 
all Buoh cases regard must be had not only to the nature of the 
imbedded organisms, but their condition and mode of occur- 
rence, and to the charaeter of those associated with them, 
fijpecial care must he taken to distinguish what has been 
transported from what is in sitv, otherwise, by attending only 
to one part of the eridence, we shall miss the import of the 
whole, and altogether misinterpret the records which we seek 
to decipher. 

For years the subject of the origin of coal formed one of 
the many battle-fields on which geologists delighted to break 
lanoes. They ranged themselves under two banners, the "drift"- 
theoiy men and the " growth "-theory men, the former main- 
tajning strenuously that coal waa simply vegetation transported 
from the land and deposited ia large troughs at river-mouths 
or sea-bottoms, the latter as eagerly contending that the vegeta- 
tion had not been drifted, bnt grew on the very locality where 
ita lemw'ns are now exhumed. Neither party lacked plauaiblo 
argumente in support of its doctrines. The " drift " combatants 
stoutly affirmed it to be contrary to all experience that a land- 
surface should be so oacOlating as their opponents required, 
that in short it was absmd to hold each oal-aeam as marking 
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n period of eleTation, for there were often dozens of Beans in 
many yards of etrata, Bome of them ecareely an inch thidt 
and yet, according to the " growth " theory, each would have 
requireil for its accumulation a special uplifldng of the land 
above the sea-level. These and many other difficultieii werf 
thought to be triumphantly overcome by the hypothesiB of 
transport and deposition. The vegetation borne down by some 
ancient Missiesippi would collect in vast rafts, and tbeee 
becoming water-io^ed would sink to the bottom, where, bj 
getting eventually covered over with silt and sand, they would 
process of time be chemically altered into coaL This 
eo^lanation was, however, viguroudy resisted by the oppodie 
Biey alleged that tlie "drift" theory could acconnl 
neither for the wide extent of eonl-Beama nor for their reinaA- 
ahle persistency in thickness. If the vegetation had really 
lieen hurried out to em by river-action, it seemed natural li» 
expect that the coal-seams should occur in sporadic patches of 
very unequal thickneaseB, according as the drifted plajits had 
been more densely or more loosely packed. But this was found 
not to be the case in point of fact. The coal-seams were teeet- 
tained to be generaUy singularly continuous, and to retain for 
the most part a pretty imiform thickness over considerahle 
■leas. And what was still more worthy of note, they were, n* 
a whole, markedly free from extraneous matter, such as saod 
and mud. Where these impurities did occur, it was usually in 
tlie form of intercalated seams or partings, often quite as regu- 
lar and extensive as the coal itself. Had the vegetation, thCTB- 
fore, been transported into the sea, it could hardly fail to get 
mixed up with the fine impalpable mud which, like that of the 
Gangea or Mississippi, might have discoloured the ocean ftir 
le^uea irom the river-mouth, and settled down as a thick- 
ening stratum at the sea-bottom. And many other argo- 
ments, derived from the nature and arrangement of thfl 
strata interbcdded among the coal-seams, were urged to prove 
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times of the Carboniferous system. This was especially the 
case in the Parkfield Colliery, Wolverhampton, where 3eventy- 
three trunks were laid bare in the space of about a quarter of an 
acre, each with its roots attached. The same appearance was 
observed some years ago in the Dalkeith coal-field, where a 
group of erect trees was encountered covering a space of several 
square yards. Some instructive sections of such fossil-forests 
are given by Mr. Brown from the Cape Breton coal-field.^ In 
one of them (Fig. 33) no fewer than four planes occur, each 
supporting its group of erect stems. Now, no one can glance over 
this and the other sections illustrative of the same paper, or 
the descriptions given by Sir Charles Lyell and others of 
the Nova Scotian coal-field, without being compelled to admit 
that the trees in question grew just where their upright stems 
can still be seen, and consequently that the accompanying 
coal-seams originated not from vegetation drifted by river- 
action, but from vegetation that grew upon the spot. And 
though erect stems do not exist in every coal-field, we seldom 
fail to detect the not less important occurrence of the fire-days 
and hardened shales that support the coal-seams and prove by 
their embedded rootlets their identity with ancient soils. Thus 
we arrive at the inference that while in certain localities coal- 
seams have resulted from drifted vegetable matter, they have 
nevertheless for the most part been formed from plants that 
flourished where the collier now excavates, amid damp and 
dripping caverns, their carbonized remains. 

Applying, then, this deduction to the strata occurring on the 
horizon of the mountain limestone in Mid-Lothian, we are led 
to believe that the North Greens coal-seam marks the site of a 
former land-surface. It shows no vertical stems, but has all 

1 Quart. Jour. OeoL Soc. vol. vi. pp. 120, 130. The cut giTen above (Fig. 33) is taken 
from one of these sections as modified by the late Sir Henry de la Becbe (Geologieal 
Observer, p. 582). In the original the beds are inclined at a considerable angle, bat for 
tbo sake of clearness they are here reduced to horizontality. 
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"fither accoiopanimenta of an ordinary seam, micb as the 
nnderlying fire-clay and ahale, with tlieir included atigmariai, 
And t^JB conclusion has more tlian ordinary interest, for if it be 
true, we have evidence of a terreatrial formation among strata 
unequivocally marine ; in other words, we aee pruofa either of 
an elevation or a tilling-up'^ of the sea-bottom carried alowly on 
until ]ajid-plant8 grew up in matted Hwatnpa where once there 
swarmed corab and eucrinites, and then of a gradual Hubfli- 
dence, so that marine organisms flourished again in abundance 
over the site of the submerged vegetation. It ia not insiated 
that eB«h of the thin coal-seams among the limestone strabi 
marks a former terrestrial area. Some of tliem may possibly 
have resulted from the transport and deposition of plants borne 
from, the land. Yet there are others of wide extent resting 
upon beds of fire-clay which contains stigmaria rootlets, &c 
liieae 1 cannot but regnrd as the remains of plants that grew 
upon the spot. And so, while we recognise in the beds of 
limestone undoubted cTidence of a former sea-bottom, I am 
persuaded we must equally admit that at least several of the 
coal-seams hear fair evidence of a former land-surface, scarcely 
raised above the sea-level indeed, but nourishing nevertheleea a 
thickly matted vegetation. In this way we shall see the nioun- 
ttun llmeetone series of the Lotliiaus to be not a purely marine 
ftmnation, but one partly marine and partly deltoid, showing in 
the Buceession of its strata proofs of a gradual submergence, 
interrupted by movements of elevation, so that the area which 
at one period formed the ocean-bed became at a later time low 
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ddtA-land, and after continuing perhaps for ages to stretch fl 
its verdant surface beneath the open sky, sank again amid the 
corals of a wide-spread sea. 

Now this condition of things diifors entirely from what i» 

preaented by the Mimnt-ain Liniestone gioup of England. ThU 

formation, when typically developed, attains a thickness of &om 

1000 to 2000 feet, and gives rise to that green hilly kind of 

acenery whence it has derived its name. It is unequivocally h 

I marine deposit, since it abounds in corals, echinoderms, IdtocMo- 

I podous mollQScs, and other productions of the deep. Ifortli- 

ward, however, it undergoea o gradual change, getting greatly 

thinner, and split tip by a series of intercalations of shale anil 

sandstone. This altexatioa goes on until, on the border-land 

lietween the two countries, the massive limestone of Dertg^bini 

has dwindled down into a series of thin beds, often widely 

ueparated by intervening strata, which contain many seams of 

coal. After crossing the Silurian district, and descending the 

northern slopes of the Lammormuir Hills, we get into the 

L- Cbrlioniferoua system again, and find its limestone series still 

■ftrther diminished. With this decrease of marine fonnationt, 

KTe can detect an augmentation of coal'bearing strata Thns 

r the Berwickshire coal-field lies in tliis lower sot of beds, far 

W ander the coal-measures of Newcaatle. In the Lothians, too, 

■ u has been shown, coal is extensively worked in the same 

m series, and these seams also find their representatives in Rfe 

piaid Lanarkshire. The gradual change from the kind of strata 

r fonnd on the horizon of the Burdiehouse limestone, to those 

I occurring on the horizon of the Mountain limestone, indicatas, 

Fw we saw, a gradual change of the conditions of deposition; 

f and the nature of this alteration is shown by the difference in 

the character of the imbedded fossils. The passage of the mas- 

' ttve Derbyshire limp-stone into the thin Umestones and ooal- 

I bearing sandstones of the north, as decidedly marks another 

change in the relative position of sea and land. The former 
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in time, tJie latter was one in space, but the 
mode of reasoning remains the same for both. In the former 
caae, we saw eatuarine strata passing upward into othere wholly 
marine, and the order of superposition told ub that the locality 
was first an estuary, and then slowly beuame open sea. In the 
latter ca^e, we Bee marine beds not succeeded by estuarine 
strata, but becommg estuarine strata themselves. The thick 
limeetones gradually thin out horizontally into a great series of 
aandatonea and shales, with interbedded coal-seams, so that what 
beaiB evidence of a deep sua at the one end, gives proof of a 
muddy and sandy delta at the other. In other words, during 
the ages represented by what we call the Mountain Limestone, 
the central and south-western portions of England lay far below 
a wide breadth of ocean, and nourished a luxuriant crop of 
atone-lilies, mingled with the otter denizens of the deep, while 
the Border district, and the whole of central Scotland, exhibited 
all the conditions of a vast delta, Eometimes Bpreading out as 
broad verdant jungles, anon showing only scattered irregular 
groups of low, bare mud-banks and sand-spits, which at other 
times disappeared altogether beneath the dun discoloured waves. 
fi^ow the reader will nut fail to mark that this curious and inter- 
esting fact in the past history of our country, is ascertained solely 
from a comparison of fossil remains. The stone-liliea and shells of 
Derbyshire, and the lepidodendra and land-plants of the Lothiane, 
form our sole basis of evidence, and we may rest on them with as 
perfect certainty as if they were bo many duly attested documents 
deposited among the archives of our State-Paper Office. 

In. our survey of the coal-fteld of Mid-Lothian, we have 
passed from the Lower Carboniferous estuary beds of Eurdie- 
hoose to the Middle CBrboniferous marine beds of Eomau 
Camp Hill, and their associated terrestrial strata,- — the coal- 
seams and ftre-clnyB, We come now, in our upward progress, to 
the Upper Carboniferous group, or Coal-measures proper.' These 

1 Tbe« tenni— Lover, Middle, mid Upper Cubonlfeniuii, ue UHd for n 
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strata rest immediately upon the limestones, and attain a 
depth here of over three thousand feet They consist of a great 
series of sandstones, shales, coals, and fire-clays, that vary in 
thickness from less than an inch to many feet, or even yards. 
The coal-seams are especially variable, many of them existing as 
mere films of carbonaceous matter ; others varying up to a depth 
of fourteen feet. There are from fifty to sixty that exceed a 
foot, but the average thickness throughout the whole series is 
about three and a half feet.^ They are nearly all underlaid 
by fire-clay or shale, and very generally have a roof of the latter 
material. 

By referring to the diagram of this coal-field, given above at 
p. 196, the reader will notice that the series is divisible ioto 
three groups : — Ist, and undermost, a considerable depth of 
coal bearing strata known as the edge series, because they he 
along the western limits of the coal-basin at a high angle, and 
sometimes even on edge ; 2df A great thickness of sandstones 
nearly barren of coal, but containing at least three beds of 
limestone — this may be termed the Roslyn sandstone group ; 
3(i, and highest, another series of coal-bearing strata, conunonly 
called the Jlat coals, because they occupy the centre of the 
basin where the beds repose at a low angle, and are in places 
quite flat. It will be convenient to keep in mind this three- 
fold division, for it will point us to some important changes in 
the ancient conditions of this coal-field. 

The edge series, which forms the lowest, and of course oldest 
of the above groups, averages from 800 to 900 feet in thick- 
ness. It contains about thirty seams of coal above a foot thick, 
and many more of less size. They occur irregularly, some lying 

and for the sake of clearness. They must not be regarded, however, as equiralent to 
similar groupings of the English carboniferous rocks, for the Scottish series is probably 
much older than the greater part of the English, and coeral, to a considerable extent, 
with the mountain limestone and millstone grit of the latter country. 

I See Hilne on Mid-Lothian Coal-field. TVans. Ropal 8oc. Edin. roL zir. p. 256, 
whence the abore details are taken. 
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TiB^S few inches apart, others from eighty to ninety feet, the 
mtervening space being occupied by aandatone or shale, 

Suvr aa each. coal-Beam, with its a^aociat^ underulay, appears 
to mark a former land surface, it will follow that there must be 
as many old land Burfaces in this series of strata as there are 
such coal-seams, and that for every intervening mass of sand- 
stone or shale, the area of vegetation must have been sub- 
merged. This conclusion would have been violently remeted by 
the supporters of the " drift" theory. They would have roundly 
aBserted that such an unsteady surface was a mere supposition 
to enit a hypothesis, unsupported by fact, and contratj to the 
analogy of fesiBting nature ; and they would not perhaps have 
hesitated to maintain, that such an oscillating land could be 
little fitted to nourish so rich and luxuriant a vegetation as 
that of the Carboniferous period. But it will not he difficult to 
show that our conchwion, so far from being contraiy to analogy, 
is amply home out by the processes of ensting nature, and that 
its opponents, and even its original aaaerters, failed to perceive 
that what it demands is not a rapidly oscillating crust, but one 
as steady and uniform as that of many of the least disturbed 
countries at the present day ; and that we do not require to 
call in the aid of a special elevation and submergence for every 
coal-seam, but that for the most part the hypothesis of a steady , 
unking of the area of a coal-field, interrupted perhaps by 
occasional elevatoiy movemenfe, along with an active and oon- 
etant deposition of sediment by the varying currents of a large 
river, is sufScient, if not thoroughly to explain, at least to 
throw great light upon the origin of those enormous mosses of 
strata composing our present coal-basins. The oft-recurring va- 
riations in the nature of the strata that form oiu: cotU-measures, 
sandstones alternating with shales, these again with coals and 
fire-daya, together also with the terrestrial origin of the coal- 
seams, and the occasional presence of true routine organisms, 
make it evident that, to obtain any modem analogue to such a 
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coDdition of things, we must examine tliose localitiea where 
large bodies of fresh water, carrying sediment and vegetation 
frota the land, mingle with tlie sea. Let ue then look for a 
little at the operations now in progrise at. the mouths of the 
larger rivera, and mark how for they elucidate the etniCTure 
and history of a coal-fiuld. 

" Egypt is the gift of the Nile." Such was the conclusion ar- 
rived at by one of the most diligent observers of ancient Greece 
E ' — the venerable Herodotus.' He sailed up the river maidiDg 
f all the leading features in its scenery, and noting the more ^>- 
parent evidences of ancient phyaica! changes. His rema^ 
on these subjects form one of the earliest specimens' of scientific 
reasaning that have come down to us, and are remarkable for thmr 
correctness and the truly inductive mode of thought which they 
evince. Modem travellers have amply confirmed the opinitms 
of the father of history, and we now know that but for its c«n- 
trsl river, Egypt would be a vast dreaiy expanse of arid sand 
like the neighbouring deserts of lybia. The Nile, by annually 
inundating the country, deposits over it a stratum of rich loam, 
and thus not only waters the land, but continually renews the soil 
The sediment in this way brought down has gradually encroacheil 
upon the watere of the Mediterranean, being heaped tip at the 
river mouth into shifting sandbanks, islets, and great tracts of 
low, swampy ground, slightly raised above the sea-level. Through 
this series of silting depositB, the river 8en<lB a number of 
branches, often winding in labyrinthine convolutions, and ever 
changing their course, by wearing away the silt at one place, 
and throwing it down at another. The area traversed by the 




mouths of the Nile was called by the Greeks the Delta, from 
its Biinilarity ia form to the Greek letter, and the name haa 
Mnce been given to all such fluviatile depoaits, whether they 
have this general form or not. 

The sediineDt annually deposited by the Nile variea in thick- 
neBB in different years. The mean thickness of the annual 
I^era at Cairo has beea calculated not to exceed that of a sheet 
of thin pasteboard, bo that " a Btratum of two or three feet 
must represent the accumulatioa of a thousand years." ^ Such 
thin laminas must resemble greatly some of the more fissile shales 
in the Carboniferous system, which were, perhaps, formed by as 
alow a process, and in their aggregate depth probably took 
many thousand years to accumulate. But those fluviatile depo- 
sitionB of the Nile vary little in kind, for when cut throngh 
they are found regularly stratified down to their base, which 
rests upon the great uuderlying sand. They show ub how the 
arpllaceous seams of the coal-measures may have originated ; but 
the diversity of character in these Carboniferous rocks indicates 
a more varied kind of sediment, and probably more rapid and 
active transporting currents. A closer analogy to such a condi- 
tion of things meets us ou the shores of the New World. 

The Misfliaaippi, so magnificent in all its proportions, ha^ 
raised a delta which covers a tract of about 14,000 square 
jnileB, equal to almost half the area of Ireland. The lower parts 
of this delta are fonned of low, shifting banks, traversed by 
innumerable streams that diverge from the main river, and alter- 
nately throw down aud remove vast quantities of earthy sedi- 
ment, intermingled with rafts of drift-wood. These swamps are 
covered with a rank growth of long grasa and reeds, and for 
about six months of the year are more or less submerged below 
the waters of the river, while liable at the same time to conti- 
nual inundation and encroat^hment from the sea. The higher 
parts of the deita^ though also subject to a similar periodical 

1 LjoU'a erincipla, p. 2C3. 
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submergence, nourisli a more luxuriant vegetation. Vast tracts 
of level sandy soil are densely overgrown with pine, which is 
used extensively for making pitch. Large districts of the 
swampy ground are covered with willows, poplars, and thickets 
of the deciduous cypress, an elegant tree that rises more than 
100 feet above the soil. When in hot seasons these swamps 
get dried up, « pits are burnt into the ground many feet deep, 
or as far down as the fire can descend without meeting with 
water, and it is then found that scarcely any residuum or earthy 
matter is left. At the bottom of all these ' cypress swamps' 
a bed of clay is found, with roots of the tall cypress, just as the 
underclays of the coal are filled with stigmaria.*'^ In this way 
a thick accumulation of vegetable matter goes on forming for 
years, until either the river changes its course, and inundating 
the swamp gradually covers it over with sand and mud, or 
imtil, owing to oscillations of the earth's crust, the district is 
either permanently submerged, so as to be silted over, or ele- 
vated to nourish a new and different kind of vegetation. 

That such changes have taken place in the past history of 
the river we have several interesting proofs. Thus, owing to 
the great earthquakes of 1811, 1812, an area of more than 
2000 square miles was permanently submerged. ^ Since then it 
has gone under the name of the "Sunk Country ;*' and Sir Charles 
Lyell, who visited the locality in 1846, that is, thirty-four years 
afterwards, tells us that he saw innumerable submerged trees, 
some erect, others prostrate. Now, it is easy to see how such 
an area may, when the climate suits, become the receptacle of 
vast accumulations of peat, which, by pressure and chemical 
action, will ultimately pass into coal. If we suppose the sub- 
mergence carried on more rapidly at some periods, the plants 
might have been unable to keep pace with the ever-increasing 
inroads of sand and mud. In such cases the layer of vegetation 

1 Lyell's Ekmenti, p. 386. 

3 Bee Sir Cbarles Lyell's Second Vitit to UniUd States, chap, xxxiii. 



TUE MTOKY OF A BOULDEE. 



219 



would become eventually eatambeil )>eneath eucceeding ilepouto 
of earthy matter. Were the amount of Bediment thiiB thrown 
down sufficient in the end to counteract the downward motion of 
the earth's cniBt, and so raise the bottom of the river or lake to 
the level of the water, vegetation would apring up afregh and 
clothe the new raised mrface as densely as in former yearH. 
This alternation, according as the amount of Binking or the 
amount of sediment predominated, might go on for thousands of 
years, until a Beries of strata many thousand feet thick were 
accnmulated, and .tranquilly carried down bed after bed below 
the level of the waters. 

It is interesting to know that the caae supposed here hae 
actually been realized in the delta uf the Gangos. Some years 
ago an Artesian well was attempted to be made near Calcutta, 
and the auger waa eunk tu a depth of 481 feet.^ Tlie material 
passed through consisted of sand, clay, and nodules of argilla- 
ceous limeatone, and at various depths, from 50 to 380 feet, 
several seams of decaying wood and peat were found, along 
with bones of various animals, such as deer and fresh-water 
tortoises, and fragments of lacustrine shells. Each of these 
rtgetable layers evidently formed at one time a forest-covered 
swamp like those of the surrounding delta at the present 
day; and hencfl it follows, that during the accumulation of 
the Gangetic delta, the ground in that locality must have under- 
gone a depression of more than 300 feet, and that this sinking 
has been interrupted by slight elevations, or by periods when 
the ground remained stationary, so as to admit of a denee and 
prolonged growth of vegetation, at successive intervals, ujwn 
the swampy flats and shifting islands. The genera! appearance 
of these old forests is pretty well shown by the mangrove swamps 
dixag the mouths of the river. These trees flourish in dense 
Jungles on the banks, and extend even below high water mark, 
being covered in places by shell fish. So that were theao maiitime 



1 See Lren'g i 
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' parts of tlio dtlta inundated by the ocean, and buried beneath a 
niasB of mud and ailt, the peaty layer that would be formed vould 
display tninks of trees still occupying their original erect podtiffli, 
iind apreadiog out their roots in the clay below, exactly aa the n^ 
laria is found to do in the coal-Beams of the carboniferous lodo^ 
while clustered round the carbonized Bteme, or scattered among the 
decayed leaves and branches, there might be detected limpets and 
barnacles (as lingulss and pectens occur in the coal-seams), showing, 
by theirmode of occurrence, that they lived and died upon the Bpot 
If my reader will now suppose this sand of the Indian river 
to be hardened into sandstone, the mud in like manner com- 
pressed into shale, and the peat beds chemically altered into 
coal, can he fail to perceive the striking analogy between the 
section thus displayed and those already given from the Mld- 
Lothian and Cape Breton coal-fields t The diiferences between 
the ancient and modem strata are not in kind but in degree. The 
Scottish series reaches to more than sis times the thickness of 
the Indian one, and the coal-searaa in the one exceed in indi- 
vidual thickness tlie peat-beda in the other. We must remember, 
however, that the climate of Hindustan is not remarkab^ 
favourable to the accumulation of vegetable matter, the heat 
being bo great that tlie plants decay almost as rapidly as they grow. 
And it should likewise be borne in mind, that were the condi- 
tions of subsidence and of the gradual accumulation of sedi- 
mentary matter to continue even in the smne ratio ai 
the Ganges might, in the course of ages, heap up 
stratified Bands, clays, and peat-beds, many thousand fset in ; 
thickness, and many thousand square miles in extent, rivaUiiig', 
or perhaps surpassing in depth, the largest coal-field in tiie 
world. The parallelism between this delta and an ordinaiy 
coal-field holds singularly close, not merely as regards the nature 
of the stratified deposits. The alluvial plain of Benga) has 
idergone a process of subsidence to an unknown depth, whereby 
' 'e areas of terrestrial vegetation have been carried down 
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t^Te eatombed beneath fluviatile sand and mud. It is like- ^T 
wise subject to the more Budden operation of earthquakes, 
whereby large tracts of conntry become permanently altered, and 
changea are effected on the direction, rapidity, and detritus of 
the streams. It is, moreoTer, liable to wide-spread inroads of 
the sea, which Bometimea coverB cultivated districts to a depth 
of several feet, laytug waste the fields and destroying the in- 
habitants. 'Diese and other features help us to nnrletBtand the 
ori^ of such vast masBes of Bedimentory strata as those of our 
coal-fields, where terrestrial, fluviatile, and marine remains alter 
nate in rapid sequence, or sometimea occur together. 

The origin of the conBtant succession of coal seams, sand- 
stJJoes, and shales, of the Edge series may be thus accounted 
for. The area of Mid-Lothian formed part of o great delta, 
wMeh, like that of the Ganges, was undergoing a gradual 
Bubsidence during tie Carboniferous era. The rate of this 
movement probably varied at different times, - and might 
even be occasionally interrupted by short periods of eleva- 
tion. When the ever-increasing accumulations of silt bronght 
down by the river reached or nearly reached the surface of 
the water, tbey would become the site of wide tracts of 
swampy vegetation that flourished for hundredB or thousands 
of years. Eventually, however, these jungles, invaded by the 
changing currents of the river, were buried beneath a thick 
deposit of fluviatile sediment, or more probably the vegetation 
might become unable to keep pace with an accelerated rate of 
snbraergence, and the forests would then be tranquilly carried 
down beneath the water, and soon covered over with sand and 
mud- The detrital matter might in like manner continue to be 
deposited over the sunk forest for many years, perhaps centuries, 
until the muddy bottom again reached the surface, and once 
more waved green with sigillarise, calamites, and lepidodendra. 
Another long interval might here elapse, in which a thick bed 
of vegetable matter might accumulate, much after the manner 
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e fimeation of peat ■■nwj As bogt and lowci cf mi 
maatij. The periodical iiwaiilati— i af the nrer pnlaMf 
c tiae to irida nanhea and laeMHa, rAokteamlUd tijbaii- 
9 ihelli, and thiddf ortrgrvwu ^Ih aqoatk regctaliiiD. 
The dacayiog plaata decompcwed tke nd ochreooa matter ia& 
vhich Uie waUT WM charged, and le-deposted it anMng Uu 
mml and rutting leaves at the faotton aa a nrbonate of inc. 
Sneh frrnigiiKHU aeoimulatioiu, oftui eatmnlnqg fem-sUani anil 
lAhet plaota, with Bcaks and teeth of ganoida] fishes, aomelinKs 
fymularuB and Hn-rula, ami, in ceitun localidtt, whole acre 
aaii milcff of &esh-vater sheila, are knovn now as our cla^-hani 
and lAack-^nd ironMoaa. We CM Msily conceive ibat, in 
■ballowfT parts of the lagouna, a dense growth of marahj plaoD 
might spring np^ preventing anv deposition of iron, and when fiat 
whole cuiDe to be covered over with later iLccumulations of taai 
ur mud, the deeper parts of the old lake would be covered wTth 
a seam of ironstone, , and the shallower portions would displaj' 
a bed of coal In some such way we may account for tbc 
freipient passage of irongtone mta coal, and coal into ironatoiu 
in many of our coal-fieldii. If undisturbed by the ever cbaDginS 
imrrenta of the river, these wide expatiflea of inareh and lake nJ^t 
continue for manylong years, the constant evaporation being conn- 
terbalnnced by continual supplies of water from the main Htreaiui 
Eventually, however, owing perhaps to another period of mow 
raiHd aubmergence, the water gained the ascendeuiy, and oncv 
inure rolled over prostrate stems and matte^l thickets of ^iw, 
that sank slowly down beneath a deepening sheet of sand and mni 
Often, too, the sea must have flooded, perhaps for years, the flat 
delta-lands, carrying with it its own productions, such as the lio- 
gulra and cardiiiite, which we find among the coal seams. Ami 
thus the iirucess went on during the long ages of the CarbnniliB^ 
oua Bystem. Forest after forest spread its continuous mantle 
of green athwart the low swajnpy lands of that old delta, and 
each in succewrion foundered amid the muddy waters, now "f 



THE STORY OF A BOULDEB. '2'2A 

HOT of tlie river, that strewed over ita site a rich 
detritus which went tti form the noil uf new junglea and forests. 
The Edge series meaaurea from 800 to 900 feet in depth, so 
that the depression must have been carried on till the forest 
that once grew nearly on the sea-level bad sunk 800 feet beiow 
it. This process was undoubtedly a very slow and tranquil one. 
Yet geologists used to regard these frequent changes of sedi- 
mentary matter as so many proofs of repeated catastrophic 
submergencea, when tlic ocean come rolling over the land, pro- 
strating forests, uprooting the hugest trees, and leaving the 
scattered bones and scales of fishea amid vast accumulations of 
mud and sand, where hut lately there had bloomed a luxuriant 
re^tation. But the sober and diligent student of geologiu fact 
will re-od in these rocks no such record of cataclysms. He will 
see in them evidences of tho same gradual and sure operation 
wMoh marks the processes of Nature at the present day. He 
will note how during a tranquil and probably imperceptible 
aubmei^nce of the river-bottom, forest after forest sprang 
up, flourisbed perhaps for ages, and eventually settled down 
beneath the waters of the river and sometimes of the ocean, 
amid ever increasing accumulationa of mud and sand. Musing 
on these ancient changes he will be lost in wonder at the im- 
mense duration of the period during which they were in progress ; 
and he will try in some measure to realize the features of their 
BO^ieiy. He will picture the delta with its ever-varying islets and 
sand-banks, its lakes and submerged forests, its leafless trunks 
peering above the water and aticldjig along the shoaling mud, 
and its crowded jungles that cover every drier spot. He will 
east his eyes to where the delta opens out into the ocean, and 
mark how the waves encroach upon the mud-banks, cutting 
wray what the river baa pded up, and washing the roots of 
gigantic trees that wave their green coronal of fronds above, 
and overshadow the rippling of the green sea below. He will 
try to thread the windings of the stately river through brakes 
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feniB and calamiteB, and ^3eaika richly hung with tree-fe 
and aigillariie, and then upward through dajk shaggy pine- 
woodfl, flilpnt and gloomy, with the water creeping lazily Ihrongli 
the Rhode or (lasbing in white cascades over dripping roclta, and 
onward still, far away among the distant hills till the fountain- 
head of the great stream is reai-hed, gushing from the splintered 
Bides of iomo lone roek, or pouring perchance out of the glim- 
mering caverns of aome massive glacier high amid the regiims 
of perpetual snow. 

Many attempts have been made to estimate the amount of 

time which some of our coal-fields may have retniired for thdr 

fftccumulation. But so large a number of conjectural elements 

ily enter into Euch calculations, that the resulta 

»me to be of very doubtfiil Talue. By estimating the ainonnt 

of sediment annually transported by such rivers as the Gangrs 

Mississippi, we may ascertain how long a mass of simibi 
sedimentary strata would take to form under similar conditiooE. 
And if our calculation had to do merely with such detiital 
-accumulations, we miglit hope to arrive at some approach to 
accuracy. But besides these sedimentary strata, the forma&iB 
of which must have been wholly analogous to that of ^mtlv 
deposits at the present day, we have to deal with the prubleini 
EUggested by the coal-seams. We know nothing of the climnte 
of the Carboniferous period save what may be conjectured from 
the analogy of esisting climates ; and in a questioa regaidkg 
the accumulation of decaying vegetable matter climate is a sdI- 
ject of the first importance. We are ignorant, too, of the istc 
of growth peculiar to the cajboniferous flora ; and even if we 
hold that it was probably rapid, the process of decay may have 
been equally speedy, and so a forest might go on shooting np 
fresh trees as the old ones rotted away, yet at the end of i 
thousand years there might be a scarcely greater thickness of 
jTegetable matter on the ground than at the commencement 
of coal two feet thick might thus represent, say tlis 
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accumulation of a hundred years, and another of exactly the 
Hame thickness might stand as the accumulation of a thousand 
years. Until we know more of the vegetation and climate of the 
coal period, the thickness of a coal-seam can hardly be held as 
a certain guide to the lapse of time required for its formation. 
For tlie sake of illustration, let me take the following fraj 
ment of a coal-measure section : — 



•ft 



Shale, . . 20 feet. 

Coal, . . 4 „ 

Fire-clay, . . G „ 

Sandstone, . 40 „ 

Beginning at the bottom, we may compute the period of the 
forty feet of sandstone variously, according to the river selected 
as the type of a transporting agent. Tried by the standard of 
the Nile, all other conditions being similar, such a deposit 
would require perhaps not less than 14,000 years ; by that of tlit» 
Mississippi, 5000 ; and by that of the Ganges, nearly 2000.^ \V(j 
cx)me, then, to the superincumbent fire-clay and coal, represent- 
ing an ancient soil and the forest that grew on it. The occur- 
rence of these seams shows us tliat the river-bed had become a 
swampy tract clothed with vegetation ; but wlio shall say how 
long it may have continued so ] Like the sunk country of the 
Mississippi, it may have been submerged, and to some extent 
cut off from the sediment-transporting ciiannels of the river, 
and thus, as a vast lake, have nourished a prolific growth of 
marshy and aquatic plants. If the temperature resembled that 

I Some obserrers hare pointed to the occurrence of vertical and inclined trunks of 
trees in the Carboniferous sandstones, and deduced therefrom what has seemed to them 
n triumphant argument in favour of the rapidity wherewith our coal-fields must have 
formed. A foundered tree, they say, sank with its heavy-laden roots among the sand at 
the bottom, its stem pointing up into the water like the snags of the Mif<si8sii)pi, so tluit 
the sand must have come rapidly down to entomb the whole before it had time to decay, 
and thus thirty or forty feet of sediment mu^t have been deposited in a few years, per- 
haps even months. But this is somewhat like a begging of the question. We have yet 
to leMn how long a water-logged trunk will resist decomposition. 

P 
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of our own country, the growth of peaty matter, other circum- 
stances being favourable, might be comparatively rapid. Ifi 
however, as seems probable, the climate were more warm and 
humid, giving rise to a more luxuriant vegetation, and at the 
same time to a more rapid decay, a long interval might have 
elapsed without adding materially to the thickness of the vege- 
table accumulations, and the eventual entombment of peaty 
matter sufficient to consolidate into four feet of coal, might be 
owing in some measure to the submergence of the swamp beneath 
the waters of the river, whereby a quantity of detrital mattei 
was deposited that arrested the process of putrefaction, anc 
entombed the thickly matted plants which were growing on tht 
spot at the time. Hence, until we know more of the conditioiii 
under which vegetation may accumulate at river-mouths in sucl 
a climate as the coal plants are conjectured to have enjoyed 
calculations of the amount of time required for the formation o 
a great series of coal-bearing strata must be regarded as pre 
mature. In the present instance, we can but affirm that thi 
growth of the four-foot coal-seam probably occupied many lon| 
years, even at the most rapid rate of accumulation known to us 
The forest-covered swamp on which the plants grew was even 
tually invaded by muddy detritus brought down by the river 
and 'during another period of indefinite extent — five hundre< 
years or five thousand years — fine mud continued to settle dowi 
over the foundered forest, hardening eventually into twenty fee 
of shale. 

The Edge coals of the Mid-Lothian coal-field are succeeded b; 
a group of sandstones and thin shales, with three or more seam 
of limestone. This group of strata, which we may call th 
Roslyn Sandstone Series, reaches a thickness of from 1200 t' 
1500 feet, and serves as a middle zone to divide the Edge coal 
below from the Flat coals above. It contains only a few thin lami 
nations of coal, and these chiefly at its upper and under portioM 
Such a great intercalation of beds, without coal-seams, points 
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We might readilT ctcai^CimirE:. to Bom^ ch&nfre in the phyaal 
conditioiiB of tbe ancient deiLuL. Tlie iiktur^ f»f tiie change can 
be easily made oat frxcn an exiiJinhiatioii of tiie rocks, acd the 
reader will see that hert a^ain -w*- azv indebted to foB«;i] Temaina 
for the most oondnsTe and Bii;ris6i(!ijrr evidence of these old 
physical ieToliiticin&. 

The ahsenoe of eo&UK^uii^ sufi'>% to hi^"jitx^ that duiing the 
fonnation of the middle group tiiat pun of th^ d«:]ta weupTing 
the site of Mid-LotLian va« c*:>ntini2h.]]T submeT^^^jd, aod never 
rose to the sorfaoe b>j a» t-.i a'li-'W a covering of vegetation tf» 
fonn upon it* The large be>ie of sandirt .»iie prove a continued 
transport and deposition of detritus daring undisturbed periods 
of considerable length. The intercalations of shale, planting to 
local changes in the commu or other morlifVing causes, are 
usually of small thicksess and extent, vhile the sandstone beds 
sometimes attain a dej>th of lo<J or 200 feet, and extend over 
wide areas of oountir. So far these mechanical rocks indicate 
the deposition of sand and mud under water, but whether at 
river-moath or sea-bottom in left uncertain. From tlie fossil 
remains, however, we learn that the dejiosition tciok place in the 
sea, but at no great distance from land : in other words, the 
area of Mid-Lothian, which, daring the accumulation of the edge 
coals, had been alternately clothed with vegetation and inun- 
dated by the river, sank down many fathoms, so that the sea 
rolled over it and all its submerged forests. The proof is two- 
fold, — ^first, from the character of the organic remains in the 
limestones ; and second, from that of those in the sandstones 
and shales. 

In some of the streamlets that flow into the beautifully 
wooded vale of the Esk, south of Penicuik, these limcstouos i^n 

1 Of comae, this dednetioa is founded, as the reader will notice, on the amnmivUon 
that we have now the ■erics, aa it wu depodted, and that no peaty swamp or forest was 
denuded away, and lu site oocapied by cand and sUt. Bat the assumption is rcuderoJ 
piobable from the conditions of fMm^ion indicated by the Roslyn gn>up. 
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be well seen, worn in the water-channel, or crusted over with 
moss along the banks. Their organisms are singularly abundant, 
and consist of cyathophylla, encrinites, spirifere, producti, &c., 
all exclusively marine. In a picturesque brook that falls into 
the Esk near a saw-mill in the grounds of Penicuik House, I 
have seen the little cup-corals clustered by dozens on the 
weathered rock, showing their delicate striated wrinkles in high 
relief among the scattered valves of productus and innumerable 
joints of the stone-lily. They were all well pres(?rved, and in 
their grouping and general appearance differed in no respect 
from similar organisms in the mountain limestone of Roman 
Camp Hill. The inference to be drawn from them must 
accordingly correspond with what has been deduced from the 
mountain limestone fossils, viz., thgt they mark the site of a 
sea-bottom which remained free from mud and sand for consi- 
derable periods, during each of which there abounded corals and 
shells, wl^ose exuviae went to form several seams of limestone. 
But that this sea-bottom was at no period very far distant from 
land, is proved by the drifted plants that occur in the sandstones 
and shales both below and above, and which often show so 
little trace of maceration, that we can hardly believe they were 
carried far, or floated for a long while previous to being en- 
veloped in the sand or mud at the bottom. I have never 
detected vegetable remains in the limestones themselves, but 
there seems no reason why they should not be found there. 

One of the most remarkable and difiicult phenomena pre- 
sented by these limestones is their great persistency. I have 
traced them over a large part of Mid-Lothian, from the highly 
inclined beds at Joppa to the contorted and faulted strata near 
Carlops. I have foimd them, too, in many parts of West- 
Lothian and Stirlingshire, from the sea at Borrowstounness 
southwards into Lanarkshire. They likewise occur in Fife, and 
seem to sweep away through Lanark and Ayrshire. The area 
in which I have found them cannot be much under 700 square 
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miles, yet they are probably spread oyer a much greater extent 
of country. Throughout this region they appear to continue on 
the whole at pretty much the same vertical distance from each 
other, and average three or four feet thick each. They vary in 
number, three being found in parts of Mid-Lothian, in other 
parts only two. Throughout West-Lothian there seem to be 
but two seams in the middle or moor-rock series, and the same 
two seams are found passing over into Perth near Culross. There 
are difierences, too, in the structure and composition of the 
seams, one running sometimes as a single bed of dull blue lime- 
stone, and then gradually splitting up into three layers of a 
greyer and more earthy texture, with soft shale l)etween them. 
But making all these abatements, the observer cannot fail to be 
struck with, the general regularity and continiuty of these lime- 
stones. And the fact becomes all the more remarkable when 
we consider the great irregularity, and contiiuial intercalations, 
and repetitions of the strata, both above and below. Marine 
beds are usually persistent over large areas, especially where 
extensively developed. As they decrease in thickness, their 
continuity for the most part lessens, so that the ride is, on the 
whole, a safe one, the thinner any particular stratum, the less 
likely are we to trace it to a considerable distance. Yet, not 
only are these' Mid-Lothian limestones thin, but they occur in 
regular sequence among a set of continually alternating and vciy 
irregular beds, and extend over several hundred square miles of 
country. And this, too, not in a single seam, but in two, three, 
or even more, so that the difficulty of accounting for such inter- 
calations is proportionately increased. 

We have seen above that the area of a delta is often par- 
tially submerged below the sea, and that such changes may 
become of the most marked kind where the country is liable 
to be depressed by earthquakes. There can accordingly be no 
difficulty in understanding how the ancient carboniferous delta 
of Mid-Lothian may have likewise subsided. But the lime- 
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stones axe unmistakable evidence that not only was the area 
of the delta submerged, but that for a while no sediment was 
deposited over it, and hence marine animals peculiar to clear 
water flourished so long and so abundantly as to form by their 
remains several beds of limestone. Had these beds been merely 
local we might have regarded them as having been deposited in 
lagoon-like portions of the delta, shut out from the detrital 
matter of the river on the one side and open to the sea on the 
other. But their wide extent and nearly uniform thickness 
preclude such a supposition. The following explanation appears 
to me the most probable : — 

After the series of the Edge coals had been brought to a close, 
the coal-fields of Scotland underwent a complete submergence 
below the sea. This depression was probably very gradual, yet 
more rapid than that long-continued one which had been going 
on during the earlier part of the Carboniferous series, and the 
consequence of this greater rapidity was to prevent the growth 
of stigmaria swamps or reedy jungles, by keeping the alluvial 
surface continually sunk to some depth below the water. The 
amount of subsidence until the deposition of the lowest lime- 
stone may not have been great, but even a slight depressior 
would tell vastly on an area of flat delta land. Mud bankj 
would be brought down into the region of waves and surface- 
currents, and speedily be spread out over the floor of the sea 
Forest-covered islands would in like manner be levelled down, 
and their trees sent drifting seaward or submerged amid th( 
re-formed silt. Thus altered, the delta would sink below th( 
sea, and the sediment borne down by the river would be scat 
tered out over the older deposits as a slowly-forming sheet 
By degrees this detrit^ matter must have been carried less anc 
less farther out to sea ; in other words, the area of deposit oi 
delta must have crept gradually nearer to the land — a resull 
owing partly to the recession of the ancient coast-line, and partlj 
perhaps to a greater amount of depression inland than at th( 
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Riifhii^li woul'l of course lessen the velocity of the streams j 
. use them to deposit their liiirden of sediment at higher 1 

levels than before. The conaequcne* of ttia retreat of the J 
delta from the sea would be to purify the water over the site ' 
of the old swamps, and render it fitted for the habitatioii of 
ivraLs, molluscfl, and other matiuo animalB. A medium thus 
prepared would not be allowed to remain long untenanted, and 
so we liud that it name to Le densely peopled with the 
organlBms peculiar to suuh a station. Stone-lilies, cup-corals, . 
net-lite bryozoa, molluscs of many kinds, and large predatory I 
fish, swarmeil in these old waters, and their calcareous shcllB J 
and skeletons are now broken up by the quanyman and the j 
aillier aa hard compact limestone. 

After these animals had lived and died in successive genera- I 
tions, perhaps for thousands of years, the downward movement 
uf the earth's crust seems to have ceused for a while or to have | 
becunie greatly leas. The effect of this would be just to p 
what had been previously done, especially if a slight elevatoij 
movement took place. The streams would in stieh cireum- 
sbmces descend from the uplifted ground with renewed velocity 
and transport their detritus to gradually increasing ilistances. 
The muddy and sandy sediment thus borne seawar^ would 
slowly silt over the coral-banks at the bottom, mid in coudi- ■ 
tions so ungenial the organisms would dwindle down and j 
finally die out. A great thickness of sand and mud would Iw I 
spread out over their remains so long as the currents from the | 
land continued to carry sediment out to sea, and thus probably | 
originated the sandstones and shulea superposed above tlie 
lowest limestone. 

Eventually the old steady downward movement returned, 1 
and with it the corals and stone-lilies. The detritus again I 
sank to the bottom much nearer the land, forming great banks I 
and shoala that choked up the river-mouth. Seaward the | 
water regained its piuity, and the bottom once more swarmed 
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A^-itli living things. Another lapse of many thousand years 
may have here intervened during which the marine exuviiB 
gathered into another seam of limestone, until again the process 
of subsidence either ceased for a titne, or what is perhaps more 
])robable, became considerably feebler. Detrital matter began 
to creep seaward as before, and eventually entombed the coral- 
lines and crinoids to a great depth. The calcareous bed thus 
formed is the second limestone, and the superincumbent silt- 
iKjds represent the sandstones and shales that rest above it. 

In some such way as this does the Roslyn sandstone series 
appear to have originated. I have indicated what seems to 
have been the main features in the process, but it was probably 
a very complex one. There may have been a great many 
oscillations of level of variable effects, some of them raising 
the disturbed area to a much greater height at one point than 
at another. This inequality would of course produce marked 
effects along a low flat country such as that at the mouth of a 
gi-eat river. New currents would be produced and the direc- 
tion of old ones changed ; great shoals and banks of silt woidd 
be worn down only to be thrown up again at some new point, 
where another oscillatory movement would expose them afresh 
to destructive denudation. The variations in the amount of 
elevation and depression would likewise modify the transport of 
detritus to the sea, and give rise to a varied and ever-changing 
sea-bottom. In short, the alternations and variations must 
have been endless, for to the ordinary multiplied interchanges 
of a delta we must add those induced by a constant and 
unequal oscillation of the earth's crust. 

The Roslyn sandstone series comes to a close, and passing 
onward in ascending scale we meet with another great group of 
coal-bearing strata. They occupy the central area of the Mid- 
Lothian coal-field, and from their gentle inclination as com- 
pared with the lower strata that rise up from under them on 
either side of the basin, are known as the Flat Coal^. Their 
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total thickness — ^that is to say, all that has escaped denuda- 
tion — amounts to a thousand feet or more. They consist chiefly 
of sandstones, shales, ironstones, and fire-clays, with from 
twenty to twenty-five seams of coal, of which sixteen are thick 
enough to be worked. Their similarity to the Edge coals 
below points to a similarity in the conditions of formation. 
The frequent alternations of sandstone and shale show how the 
delta gradually pushed outwards again and re-occupied its 
ancient site above the successive forests of the Edge series and 
the successive coral-beds of the Roslyn group. The coal-seams 
indicate the further progress of the detrital accumulations, and 
the eventual formation of vast swampy flats that nourished a 
rank growth of stigmarise, and tracts of drier ground waving 
with ferns, and shadowed by the spiky foliage of the club-moss 
and the broader fronds of the tree-fern. 

The Flat coals are not succeeded by any other palaeozoic strata. 
Above them stretches the drift already described : sometimes in 
the form of a stiff blue clay resting on a striated rock-surface ; 
sometimes as a coarse gravel containing fragments of all the 
rocks in the neighbourhood ; and sometimes as a fine white 
sand diagonally laminated, and often showing dark partings of 
coal-fragments. From the section given above (Fig. 32) at 
p. 196, the reader will see that as the upper limit of the Flat 
coals is formed by the drift, a large part of that series may 
have been borne away by denuding agencies. Had there been 
even a seam of limestone above them, it would have sufficed to 
show their true thickness, for we should then have seen, that 
how much soever had been removed in later times from above 
the limestone, nothing had been removed from below it ; and 
80 it would mark the true original limit of the series. We 
cannot now tell how much thicker the upper part of the Mid- 
Lothian carboniferoiLS system may have been. Probably, dur- 
ing the long ages that intervened between palaeozoic and post- 
tertiary times, many hundred feet were bonie away and carried 
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to other sites, there to grow up into new islands and continents, 
clothed with other types of verdure, and peopled by other races 
of animals, and fitted to become, in a long subsequent period, 
the dwelling-place of man. 

In fine, the evidence of these ancient changes in the history 
of the Mid-Lothian co^l-field is derived, as we have seen, from 
two sets of facts ; first, those of a mechanical, and, second, 
those of an organic kind — the one class explaining and confinn- 
ing the other. Beginning our investigation at the horizon of 
the Burdiehouse limestone, we saw the curtain rise slowly 
from off" a wide estuary, in which there gambolled large bone- 
covered fishes, while huge pine-trees — ^branchless and bare, seed- 
cones, fera-fronds, and twigs of club-moss, floated slowly away 
out to sea. The panorama moved on, and brought before us 
the oc^an-bed of the Roman Camp limestone, with its groves of 
stone-lilies and bunches of coral ; its tiny shells moored to the 
bottom, or creeping slowly athwart the limy floor, or spreading 
out their many arms, and rising or sinking at will. This picture 
passed slowly away, and then came the delta of the Edge coals, 
with its sand-banks and ever-shifting currents, its stigmaria 
swamps, andnts forest-covered islets. We saw the delta gra- 
dually suik beneath the sea, and corals and stone-lilies cluster 
thick over its submerged area, to form the limestones of the 
Roslyn group. Again, the mud-bars of the river crept out to 
sea, and tangled forests waved green as of old, washed by the 
sea or inundated by the river. How this last period came to a 
close, we shall probably never know, and have no posteible 
means of conjecturing. We pass at one step from the ancient 
era of the coal to the comparatively modem one of the drift-rr 
from a verdant palaeozoic land, to an icy post-tertiary sea. It 
is like a leap in history from the days of Pericles and Aspasia 
to those of King Otho, or from the tents of Runnymede to the 
Crystal Palace of Sydenham. ' 
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CHAPTER XII. 

I 

Trap-pebbles of the boulder— Thickness of the earth's crust unknown — Not of much 
consequence to the practical geologist — Interior of the earth in a highly heated 
condition — ^Proofs of this — Granite and hypogene rocka — Trap-rocks ; their identity 
vith lavas and ashes — Scenery of a trappean country — Subdivisions of the trap- 
rocks — Intrufdve traps — Trap-dykes - Intrusive sheets — Salisbury Crags— Traps of 
the neighbourhood of Edinburgh— Amorphous masses — Contemporaneous trap-rocks 
of two kinds— Contemporaneous melted rocks — Trats for their age and origin — Ex- 
amples firom neighbourhood of Edinburgh — Tufas or volcanic asfles — Their structure 
and origin — Example of contemporaneous trap-rocks— Mode of interpreting them — 
Volcanoes of Carboniferous times — Conclusion. 

. In the previous pages, allusion has been made to the trap- 
pebbles imbedded in the boulder, to the various forms of decay 
exhibited by granitic and trappean rocks, and to the elevation 
and depression of the solid crust of the earth. Will the reader 
bear with me for but a few pages more, while I seek to indicate 
one or two points of interest in a branch of geology that would 
abundantly reward a diligent observer? Since the days of 
Hutton, the investigation of what are called igneous rocks has 
fallen somewhat into the background, and geologists have given 
themselves, perhaps too exclusively, to the study of organic re- 
mains, so that while the palaeontology of the British islands has 
enjoyed an extensive exploration, but little has been done to- 
wards the elucidation of our igneous formations and their 
accompanying phenomena. Much remains to be accomplished, 
even in those districts usually regarded as in a manner thread- 
bare, and he must be but an indifferent observer who cannot 
add a few gleanings to the general stock of information upon 
this branch of British geology. 
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Many coiyecjtures have beeu formed, and many theories pro- 
pounded, as to the nature of the internal parts of our globe. 
Some have supposed that there is an outer solid film or crust, 
some ten or twenty miles thick, enveloping a vast ball of 
intensely heated matter ; others have attempted to show that 
the interior must be nearly solid throughout, with, however, 
great lakes, or vesicles of gas and melted rock, somewhat after 
the fashion, we may suppose, of the oil-holes in a Gmyke 
ch(3ese. But whether the heated material occupy the whole or 
only parts of the internal area, is nut of much consequence to 
the practical geologist ; he is content to believe that it exists, 
and in sufficient quantity, too, to produce the most momentous 
changes on the surface of the earth. We see the effects of this 
subterraneous agent m earthquakes and volcanoes, and the 
geologist can tell us of similar, as well as of other changes, 
effected by it during past ages. Granite hills, and mountainous 
districts of mica-slate and gneiss, bear evidence of what is 
termed metamorphimi — a change in the mineral stmcture of 
rocks, believed to have taken place through the agen(*y of heat 
deep in the interior of the earth ; for no analogous appearances 
have been detected in progress at the surface. Such rocks, 
known as Tnetamorphicy or hypogene^ still form a difficult pro- 
blem, not likely to be satisfactorily solved imtil the chemist shall 
have thoroughly investigated the subject ; for it seems likely -to 
be found, after all, that long-continued chemical action, without 
a very alarming degree of heat, may have produced even the 
most intense metamorphism. But dropping this part of the 
subject, in which so much yet remains to be discovered, let us 
look for a little at another branch of the geologist's evidence, 
wliere w^e meet with no such hampering. hypotheses and doubt- 
ful conjectures, namcl}'^, the trap-rotV^. 

Every one knows that basalt, lava, pumice, scoricB, and ashes, 
are the various matters ejected from volcanoes. When these 
materials are found interstratified among the various geological 
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formations, they are termed <7'ap-rocks, — a name <lerived from 
the Swedish trappa^ a stair, in allusion to the step-like or ter- 
raced appearance which they often present. They are of all 
ages, having been detected in the lower Silurians of Wales, and 
in the deposits of all subsequent periods up to the volcanic 
eruptions of the present day ; thus evidencing, that from the 
remotest times there have been -^tnas and Vesuvii slumbering 
perhaps for ages, and then awakening to lay the surrounding 
districts in ruins. I have already said that the rocks from 
which the geologist has to compile his histoiy, are mostly relics 
of the sea ; hence most of the trap-rocks which he meets with 
in his explorations are the products of submarine eruptions. 
Far away down among the Silurian rocks, he can trace the 
floor of a primeval ocean thickly covered with stone-lilies, trilo- 
bites, and molluscs, and in following it out he marks how 
ashes and lapilli, ejected from some submarine orifice, settled 
down amid the organisms and well-nigh destroyed them, while 
at other times streams of molten matter were poured out 
along the sea-bottom, and hardened into masses of solid rock. 
He sometimes even encounters what seems the vent whence 
these eruptions proceeded, filled up now by a boss or plug of 
hardened trap, but he never can detect any trace of land. Some 
of these oceanic volcanoes may, like Graham's Island in the 
Mediterranean, have raised their tops above water, sending 
clouds of steam and cinders far and wide through the air, but 
the wSrVes would eventually wear down the new-born land, and 
scatter its broken fragments along the floor of the sea. Among 
the carboniferous rocks of Scotland, however, we meet with a 
different condition of things. There, too, we can trace out sub- 
marine lava-streams, and mark how showers of ashes destroyed 
the delicate organisms of the deep ; but we encounter, besides, 
undoubted traces of a land, not parched and ruinous as though 
the igneous forces had laid it waste for ever, but thickly clothed 
with vegetation of a more luxuriant type than that which clusters 
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over Vesuvius and Calabria, or lies spread out across the " level 
plains of fruit-teeming Sicily." ^ We have looked at the plants 
and animals of the Carboniferous era ; its rivers and deltas ; 
its slow elevations and depressions of the ground. It may, per- 
haps, complete the picture of that ancient period, if we examine, 
though but briefly, its igneous eruptions, the more especially 
since these may be regarded as, to a considerable extent, typical 
of trap-rocks belonging to every age and every country. 

Unless when deeply buried beneath drift-sand and clay, trap- 
pean regions usually possess scenery of a marked kind. A green 
undulating country stretches out as far as the eye can reach, 
diversified here and there with bold abrupt crags and conical 
hills. The lower grounds show in the winter season their rich 
brown loam, that waxes green as the spring comes on, and ere 
summer's close spreads out its heavy crops of gulden grain. 
The higher ridges are for the most part thickly wooded, yet the 
soil is often scanty, and, among the white stems of the beech, 
or the matted roots of the fir and the elm, we may not unfre- 
quently see the rock protruding its lichen-crusted face, mottled 
with mosses and liverworts, while some sluggish runnel collects 
in stagnant pools, or trickles over the blocks with a thick green 
scum. Sometimes the hill has never been planted, but stands 
up now, as it has done for centuries ; its western face craggy 
and precipitous, with bushes of sloe-thorn and ftirze, and strs^ 
saplings of mountain-ash clinging to the crevices, while its 
eastern slope sinks down into the rolling country around with 
a green lumpy surface, through which, at many a point, the 
grey time-stained rock may be seen. The whole district sug- 
gests to the fancy a billowy sea, and, as one casts his eye from 
some commanding hill-top athwart the wide expanse of hill and 
valley, sweeping away in endless undulations, he is apt to be- 



* T^s KoXXiKdpTov ^iKcXlas \evpods yijas. — .fisch. Prom. Vinet. 869— ftpis- 
sage gnpbicBUy descriptiTe of an ancient eruption of Mtaaa^ 
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think him of some day far back in the past, when the verdant 
landscape around lay barren and desolate, while the .solid earth 
rocked and heaved in vast ground-swells like a wide tempested 
ocean. Such is the aspect presented by some of the more 
trappean regions of Scotland. But the origin of this kind of 
scenery must be ascribed to the effects of denuding currents in 
scooping out the softer strata into clefts and valleys, and leaving 
the harder trap-rocks in prominent relief, rather than to any 
great inequality of surface produced by the eruption of igneous 
matter ; for we shall find that the throwing out of sheets of 
lava and showers of volcanic ashes was often a very quiet pro- 
cess after all. 

Trap-rocks generally may be variously classified according to 
the aspect under which we view them. Mineralogically they 
are augitic, when the mineral augite enters largely into their 
composition ; homblendic, when the augite is replaced by horn- 
blende ; and felspathic, where felspar forms the most marked 
constituent. The first class includes all the dark homogeneous 
compounds called basalts; the second, the homblendic green- 
gtoneSy or diorites ; and the third, the fehtones^ porphyries^ and 
tufas. Geologically, they are beds when they are interstratified 
with the contiguous rocks ; and dykes or veins when they pene- 
trate them like walls, or in an irregular manner. The former 
class may be either of the same age with the rocks among 
which they lie, or of a later date, just as in a pile of books the 
centre one may either have been placed there originally with 
the rest, or thrust in long afterwards. The latter class must 
always be later than the rocks which they traverse, for it is 
I^n the rocks must have been in existence before trap-dykes 
and veins could be shot through them. Hence geologists are 
accustomed to speak of contemporaneous and subsequent trap- 
rocks : the one list including all the tufas, and those melted 
rocks which can be shown to have been erupted during the 
time when the limestones, sandstones, or shales around them 
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were forming ; the other embracing all the dykes and veins 
ahmg with those beds of melted rock which have been intruded 
between the strata. These and other distinctions will be better 
understood from a few examples collected chiefly from the car- 
boniferous district of central Scotland. 

The trap-rocks seen there exhibit a wide range of structure, 
texture, colour, and general aspect. There are two pretty market! 
kinds — the augitic or liomblendic, and the felspathic ; the former 
b(Mng usually of a more or less crystalline aspect; the latter, com- 
monly dull, and often without any crystals.^ In the augitic traps, 
the crystals are sometimes of large size and well-defined, so that 
the rock could hardly be distinguished at first sight fix)m an 
ordinary grey granite, while at other times, and not unfre- 
quently even in other portions of the same mass, the stone 
assumes a black appearance without distinct crystals. The 
former variety would be called a greemtone, the latter a basalt; 
the chief components in either case being felspar and horn- 
blende, or felspar and augite, with a variable admixture of 
other minerals, the shade of colour varying from a pale blue or 
leek-green, through the different hues of grey, to a deep velvet 
black. There are other traps, however, consisting entirely, or 
nearly so, of felspar, whence they are known as fehtfmes. Such 
rocks enjoy a wide range of colour, some of them being pure 
white, others of a bluish grey or dingy brown ; and they may 
be seen giaduating from a pale yellow, or flesh-ex)lour, to a 
brick-red or deep purple. When a trap displays distinct disse- 
minated crystals, usually of felspar, it becomes a pm*pkyry ; 
when it shows rounded cavities, like those of fhmace-slag, it is 
said to be vesicular ; and when these globular or almond-shaped 
cavities are filled with carbonate of lime, chalcedony, or other 
minerals, the rock forms an amygdaloid! Such peculiarities of 

1 This distinction, though a sufficiently safe one in some localities, must not be held as bj 
any meaos universal in its application, the felspathic traps being often as crystalline in 
aspect as the augitic, and the augitic, on the other hand, as dull as the felspathic. 



THE STOKY OF A BOULDER. 2il ' 

structuTo indicate to Bonie extent the origiit of the mags, ajid I 
may be found in any kind of trap. Thus we have porphyritic I 
greenstones, hasaJts, or felstones, and the same rouka may be I 
likewise vegicular or amygdaluulal. Some of them, euch as I 
many greenstones, display on weathered surfaces tJiat curious I 
q)heroidal stnicture abeady alluded to ; others are built up u 
geometric columns. 

Such peculiarities of eompositton and structure form the basis otM 
a mineralogical classification of the igneous rooks, which ia oi 
in. working out the geology of a district. The most couTen^nt 1 
subdivision for our present purpose, howerer, is that which pro- 1 
ceeds upon the origin and mode of occurrence of the trap-rockL I 
Viewed thus, they reBolve themsGlves into two great groupe, the I 
intj'usive and coniemporaneom, both of which contain greenstones, f 
baaaita, &c., — the sole diatinctioa between those of the one dass I 
Bud those of the other, b^ing tire relation of age and mode of 1 
occurrence which they bear to the surrounding rocks. 

L The intrusive traps occur in the form of walla and veina, 
sometimes in that of flat parallel beds, and often as ] 
amorphous masses, to wliich no definite name can be given. 1 
But whatever shape they may aBsume, they geneifilly agree in I 
presenttog well-marked features, whereby their origin cai 
readily ascertained. The rocks thi'ough which they pass are I 
more or less hardened, often contorted, and sometimes traversed I 
by innumerable cracks and rents, into some of which the trap I 
has penetrated in the form of veins. 

A tmp-dyke is a long wall of igneoun matter, cutting mors I 
or less perpendicularly through the surrounding rocks. Some- ' 
times these dykes attain a breadth of many yards, and may not 
oofrequently be traced for miles running in a neai'ly straight 
line over hill and valley, easily recognisable by a long smooth 
ridge, with the rock protruding here and there from bdow 
where the soil is thin. It is interesting to follow out one of J 
these bug ramparts from its Ivgiuning to its close, and mark. I 
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how imdeviatingly it cuts through the rocks. No matter what 
may be the nature of the stone encountered, hard conglomerate, 
friable shale, compact limestone, or jointed fissile sandstone, 
all are broken across, and the right line preserved throughout 
Nay, I have seen a still more curious instance of this persistency, 
where the dyke ran for four miles through a set of mountain 
limestone and lower coal-measure strata, and several enormouB 
sheets of greenstone and basalt. Even when passing through 
these traps the dyke remained perfectly distinct, its crystalline 
structure and external configuration presenting a well-marked 
contrast with those of the surrounding eminences. Of course it 
must have been formed after all the rocks through which it 
passed. The sandstones and shales must have settled down 
long previously on some estuary bed or sea-bottom ; the corals 
and shells of the limestones, and the matted plants of the suc- 
cessive coal-seams must have lived and died, perhaps thousands 
or millions of years before, and their remains have hardened into 
stone, ere the continuity of the strata waa broken afcross by the 
long deep wall of greenstone. Trap-dykes are accordingly 
appropriately termed intrusive. They have been intruded 
among and must always be later than the rocks in which they 
occur. In tracing out their character, more especially in a 
trappean district, suck as that of Linlithgowshire, where they 
abound, we soon find other evidence of their intrusive natura 
Where they pass through limestone, they sometimes convert it 
into a white saccharine marble ; shales they bake into a sort 
of porcelain or burnt pottery; and sandstones become semi- 
fiised into a hard homogeneous quartz-rock. Nor are the 
changes confined to the rocks traversed ; the dykes themselves, 
along their sides, become fine grained and hardened ; occasionally, 
too, the colour alters from the usual bluish or greenish-grey to 
black, or to a brick-red, or dull-brown, similar to that of the 
altered shale and sandstone, of which detached portions may be 
found adhering to the outer walls of the dyke, or even em- 
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^^S^Fed m its BubBtaoce. The centra,! portion of tho djke may 
thus be markedly cryatalliiie, forming what 'we should call a 
greeitHtone, while the outside parts, where the trap comes in 
contact with the adjacent rocks, are fine griuned and homugene- 
ons, BO as to become a true basalt. Sumetiroce, too, these 
exterior edges are highly veaioular and amygdaloidal, detached 
lisgmenta closely resembling the slag of an iron-furnace, and 
occasionally tho dyke presents a columnar arrangement, thecnda 
of the hexagonal or polygonal columns abutting against the 
Bandstone or other rock on either side, and losing themselvra 
towards the centre in the general mass of the trap. Where 
the strata traversed are broken and jointed, the dykes which 
cut them through may ho seen in some places throwinf^ out 
lateral veins that aoeoniinodate themselves to all the irregularities 
of the fissures. These minor portions exhibit for tiie most part 
the same leading features with tho parent maas, and the result 
(rf the whole is a general baking of the beds, with sometimes 
not a little contortion, and an amount of irregularity and 
disturbance, apjmrent at once to the most inexperienced 
observer. (See Fig. 34.) 

If the reader will verify these atatements by actual explora- 
tion in the field, he will probably not be long in arriving at the 
foUowiog condusions : trap-dykea must once have been in a 
melted state, us is shown by their vesicular cavities and diver- 
gent veins ; this liquid condition must have been attended with 
the most intense heat, as may be gathered from the burnt and 
baked appearance of the contiguous rocks ; they have, for the 
most part, especially where of large size, risen from below along 
previously-formed dislocations — a circumstance which may be 
inferred from their persistency in a straight line through beds 
of very different resisting power, for had the liquid matter forced, 
a way for itaelf, it would have squirted i)etween the beds along 
the lines of least resistance, and not directly and for miles 
Q ; and hence, trap-dykes must be regarded not aa 
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tliemselres the agents in dislocating and contorting a district, 
but merely as signs of the parent force at work below. 

All the features of these trap-dykes here stated may l)e 
observed in the central district of Scotland, among rocks of 
Carboniferous age. But he who would study trap-dykes on the 
great scale without quitting Britain, should visit some of the 
more trappean islands of the Hebrides. He will there find 
them intersecting glen and hill-side, in an intricate network, 
standing up through the heather like ruined walls, and runnuig 
often for considerable distances up bald cliff-line, and across 
precipitous ravine. In some localities, among such limestone 
districts as that of Strath, detached eminences may be seen 
with congregated dykes coursing their sides and summits, while 
the heathy interspaces are cumbered with grey and white pro- 
truding blocks of marble, that give to these green knolls the 
aspect of old time-wasted abbeys with their clustering tomb- 
stones. The magnificent sections laid open in these localities 
by the action of mountain streams, and by the waves of the 
Atlantic, leave the student of igneous rocks nothing to desire 
save a long lease of leisure. 

Another form frequently assumed by the intrusive traps, is that 
of wide beds or sheets intercalated with greater or less regularity 
among stratified rocks (Fig. 34 b). They may be regarded as 
horizontal dykes, the igneous matter, in place of cutting across 
the strata, having forced a way for itself between them. 
Viewed in this light they will be found exactly to correspond 
with ordinary dykes ; the rocks on which they rest, and those 
which lie above them being both altered like those on either side 
of a dyke or vein. A well-known example of this form of trap ii 
that of Salisbury Crags, where a bed of greenstone twenty to eighty 
feet thick is intercalated among sandstones, shales, and coarse 
limestones, belonging to the Lower Carboniferous series. Its 
under surface presents a remarkably even line, broken at inter- 
vals, however, where the truncated ends of sandstone bedapro- 



THE STOEY OF A BOULDEB. 245 

trade up into the greenstone, or where the latter cuts into the 
sandstone below, occasionally enveloping detached fragments, 
and sending veins through them. Along the line of contact 
both Tocks undergo a change. The greenstone becomes red- 
dened, finer grained, and of a dull earthy aspect. The sand- 
stones and shales are also red, and excessively hard, the former 
resembling a quartz rock, and the latter passing into a sort of 
flinty chert or chalcedony. The sandstones above the trap, where 
they can be examined, are also found to present the same har- 
dened, baked appearance, the most intense metamorphism being 
observable in those parts which are completely surrounded by igne- 
ous matter. These points were noted many years ago during the 
famous controversy between the disciples of Hutton and Werner, 
the former viewing them as demonstrative evidence of the igneous 
origin of the trap-rock, the latter, on the other hand, professing 
to see nothing in the section of the Crags at all militating 
against the theory that the rocks had originated from deposition 
in water. Many a battle was fought in this locality, and not a 
few of the trap-dykes and hills possess to the geologist a classic 
interest, from having been the examples whence some of the best 
established geological opinions were first deduced. The contest 
between the Huttonians amd Wemerians terminated long ago 
in the acknowledged victory of the former ; Button's doctrines 
are now recognised all over the world. It is interesting, how- 
ever, to walk over the scenes of the warfare, and mark the very 
rocks among which it raged, and from the peculiarities of which 
it took its rise. Basalts and greenstones, sandstones and shales, 
vdth all their crumplings and contortions, still stand up as 
memorials of powerful igneous action, and of physical changes in 
the primeval past ; and they have become to the geologist 
memorials, too, of changes in the onward progress of his science, 
where, out of conflicts perhaps yet more tumultuous than those 
of ancient Nature, there emerged at last the clear demonstrable 
truth. 
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In the accompftDying aect oe (F g 34), the more naAod 
characters nf intruBive traps are Bxh b ted. The main mas of 
gncous ock IB the djke (d) ns ng through a dislocation (n 
fa It, «lu h has th own down the beds on one side several f«d 
b(.lov those on the other as is shown by tlte interrapt on oF 
the a] ale and ronatone bedB (th) The dyke gives off tro 
ram h ntions, one of them cutting acroee the beds obliquely u 
a ve n ( ) the other pasa ng along the planes of the ahalj 
layers as a horizontal bed (b) The vein t will be noticed, 
produces cone derable alterat on m ts progress, can? ng up and 







baking a portion of the shale (ek), and turning up the edges of 
the bods on both sides, which get cracked and hardened along 
the line of contact. The bed runs with some regularity for a 
short distance through the shales, which show marks of great 
alteration at tiieir junction with the trap. Its under surface 
at one point is seen to have involved a portion of the shale 
which has become in consequence highly metamorphosed, 
wbile along the upper surface the bed has sent out a' short 
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P^MguI&r vein that twists and otherwisB alters tho alialea a.bove. 
These circumBtanceB would suffice to show that even though w 
did not flud tliia bed in cunneiiun with a maea of intruaivs 
trap, it must, noTertheless, have bccu thrust among previouely- 
I formed strata, and could not have been contempoianeous, that 
' ia, poured out along the sea-bottom before the shales above it | 
were deposited 

But one other form needs to be mentioned here as char 
teriatic of the Carboniferous intrusive trap-rocks — that of great 
amorphous masBcs which cut through the strata irregularly. 
Tbey have not the wall-like form of dykes, nor do they confonn 
to the line of bedding of the rocks among which they occur. 
Th^ are eomctimes irregular lumps, lying above or among the 
strata, and prolmbly connected with Bome vem or dyke below. 
In ot^er iocalities they look like the upper ends of vast pillars 
which may descend into the very depths of Tartarus, aa though 
a great hole had been blown through the crust of the earth, 
and a column of melted matter had risen to fill the cavity. 
Such masses are often called bnaaes, and seem not unfrequently 
to have been the craters of eruption whence great sheets of lava 
and showers of ashes were qectcd far and wide over the 
neighbourhood. They serve to connect the intrusive traps, 
whose age ia always more or less uncertain, with the bedded 
traps properly so called, the geological date of which can usually 
be sufficiently ascertained. 

IX The bedded or contemporaneous trap-rocks consist of 
two well-marked kinds. There are, 1st, the melted rocks, such 
as greenstones and basalts ; and 2d, the tufas and volcanic ashei 
Those of the first-named class differ in no respect from the 
traps already noticed, so far as regards mineralogieal texture, 
general structure, and appearance. In hand specimens the 
intrusive and bedded greenstones and basalts cannot be distin- 
guished, nor even when examined in the field and in massea 
extending over considerable areas is it always possible to say to 
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which division any particular hill or crag should be assigned. 
The reason of this resemblance is obvious. Where a trap has 
either cut through or insinuated itself among rocks of earher 
date it is called intrusive, in relation to the rocks so traversed, 
and of course we cannot be sure to what geological period it 
should be referred, nor how long an interval may have elapsed 
between the time when these rocks were forming and the time 
when the trap was intruded among them. If, however, the 
igneous rock passed upward through these same strata and 
then spread out as a flat sheet along the sea-bottom, the 
part that came to the top would be termed contemporaneous 
with the deposits going on at the time. Hence it follows that 
all contemporaneous lava-form trap-rocks are at the same time 
intmsive as regards the strata passed through in their progress 
to the surface. If the sheet of melted matter that spread out 
below the water were in the course of ages worn completely 
away, along with the strata subsequently piled above it, so as 
to leave merely a neck or dyke filling up the cavity through 
which the lava rose, we should pronounce the remnant intrusive, 
and could form no certain conclusion as to its age or as to 
whether its site had ever been a crater actively at work in 
throwing out lava and ashes. The sole difference, therefore, 
between a contemporaneous and an intrusive greenstone is 
simply this : the former rose through a fissure imtil it reached 
the surface, and then rolled out as a flat parallel sheet ; the 
latter may have been erupted from below at the same time, 
yet, owing to different circumstances, never reached the surface, 
but spread out among or cut through the strata underneath. 
And BO, when we come to examine in quarries, ravines, and 
other exposures, the remains of two such eniptions, we soon 
ascertain the relative age of the former from that of the strata 
among which it occurs, but as to the date of the latter we are 
wholly at a loss, for it gives us no clue by which we can show 
whether it was erupted before or after the other. We can but 
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compare the mineralogical character of the intruded with J 
that of the contcmporaueoits mtiBsea in tho eome district, and, \ 
from the resembknce which may be traced between them,,| 
draw at the beat but a doubtful inference as to their reUtiva | 

Tlie contemporaneous traps always iiaaume a bediled form, 
the intniaivo occaaionally do ao ; and tlie question natnrally 
ariaea here, what are tJio testa whereby a bed of trap may b« 
known to be contempornneoua and not intrueive t The answer 
is happily a simple one. An intrtiaive mass is found to alter 
to a greater or less extent tho rocks in contact with it ; if it 
occur as a dyke, then the beds on either side have been cut 
through and probably otherwise affected; if it take the form of 
g bed or sheet, the strata lying above and below it will be 
fimnd to be both altereii, showing evjdentiy that a heated mass 
has been interpo^d between them, and consequently that the 
igneous rock is of later date tban any of the strata among 
wiiieh it occurs. In the eaae of a contempornneoua melted 
trap, however, the appearances presented are different ; it 
alvayB takes the form of a flat bed corresponding to all the 
inclinations and curvatures of the sandstones, ahalea, hmeatonea, 
or other strata among wltich it lies* If examined cocelnlly, it 
may be found not unfrequently baking and contorting the bed 
that forms ita pavement, but producing no change whatever on 
tbat vhich composes its roof. It, may be capped and underlaid 
by layers of shale, and in such a ease we might not improbably 
find the shale below it higldy baked, so as to resemble a sort 
(rf rude pottery, while the shale above would present no sign rf 
Bueh metamorphism, but on the contrary might display ita 
delicate plants or shells down to the very surface of the trap, 
and were the latter concealed from view we should never suspect 
from the aspect of this shale, that any igneous rock existed ii 
the neighbourhood. The inference to be drawn from such 
appearances seeniB very obvious. Had the upper ahale been in 
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existence when the greenstone or basalt was erupted} it would 
have suffered an alteration similar to that produeed on the 
shale below; and the fact, plain and palpable, that it has 
undergone no such change, shows pretty clearly that it was 
deposited at the bottom of the water after the trap had cooled 
and consolidated, and that consequently the trap must be inter- 
mediate in age between the beds on which it rests and those 
which lie above it ; in other words, that it is a contemporaneom 
rock. Hence, if we know the exact geological position and 
age of the shales, we know also those of the associated trap, 
and can thus asoertain that at a certain definite period in the 
past history of our planet a particular district was the scene of 
volcanic action. 

Examples of such contemporaneous traps abotmd among the 
carboniferous rocks of central Scotland, especially in Fife and 
the Lothians (Fig. 35). I may refer again to the vicinity of 
Edinburgh as affording some excellent illustrations. The eastern 
part of Arthur's Seat displays a series of basalts and greenstones 
which can be proved to have been thrown out during the times 
of the Lower Carboniferous rocks, at a period long anterior to 
that of the Burdiehouse limestone. The Pentland Hills exhibit 
on a much greater scale vaft sheets of felspathic traps, such as 
felstones and tufas, traceable in some cases for six or seven 
miles, which were erupted at a still earlier period.^ The trap 
pebbles in our boulder consisted of light yellow and pink fel- 
stone, and were derived, I make no doubt, from these Pentland 
Hill beds, when what forms now the cone of Camethy, rising 
well-nigh 1900 feet above the sea, existed as one of a scattered 
archipelago of islets, or as a sunken rock battered by the waves 
that scattered its shingle along the floor of what may have been 
either a shallow sea or a shoaling estuary, where eventually the 

I The geology of Arthur's Seat and Pentland Hills was admirably worked oat more 
than quarter of a century ago by Mr. M'Laren. His work (already referred to) is unfor- 
tunately now out of print. 
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Band ajid pebbles bardened into that bed of coarse grey sand- 
etone vhence our boulder •was derived. 

The second claes of coDtemporaneoua trap-rooke arc the tufas 
or volcanic aBhes. TLoy differ entirely in tbeir aspect and 
origin from any of the rocks already described. Qrcenstones, 
basalts, ielatones, and snch like, were all melted roeks, thrust 
up from below as we see lava thrown out by a modem volcano, 
being styled contemporaneous when poured out along the sea- 
bottom or the land, and intrusive when they never reached the 
Burface but cut through the strata below. The tufaa, ' 
point to a totally different origin. They are of various shades 
of colour, according to their chemical composition. In East 
Lothimi they assume a deep red hue ; among the Pentland 
Hills they are often flesh-coloured, while in Linlithgowshire they 
range from a dull-brown to u. pale leek-greeu, green being the 
prevailing tint. They always show a dull uncrystalline sur- 
iace, irregularly roughened by included fragments of varions 
rocks, such as trap, sandstone, shale, and many others. These 
fragments or lapilli vary in size irom less than a pin-bead up 
to large bombs of several hundredweight, and from being gene- 
rally abundant give to the tufas one of their beat-marked 
chatactertstica. The smaller pieces are usually more or less 
angular, and throughout the carboniferous series of Linlithgow- 
shire consist chiefly of a pale felapathio matter, lighter in shade 
and commonly harder in texture than the matrix or paste in 
whick they lie. In some localities, where the included pieces 
are larger, they have a rounded form, and often show a honey- 
combed vesicular suiface, like balls of hardened slag. Fragments 
cf sandstone have not unlieqiieDtly a semi-fused appearance, 
and plates of shale sometimes look like the broken debris from 
a tile-work, although in many instances these fragments may be 
found showing no trace whatever of alteration, being undistin- 
guishable from the neighboiiring sandstones and shales from 
which they probably camo. I have seen in some of the 
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tufas, or rather volcanic conglomerates, enormous masses of 
basalt and greenstone buried deep in the surrounding green or 
red felspathic paste, and showing on their more prominent 
edges the usual vesicular cavities. In such conglomerates 
there is usually no division into beds ; the whole mass, indeed, 
forms a bed between lower and higher strata, but internally it 
shows for the most part no trace of stratification. In these 
confused assemblages one may occasionally light upon detached 
crystals of augite or other mineral scattered irregularly through 
the tufa. Their angles will be found often blunted, and the 
crystals themselves broken, appearances which have likewise 
been noticed among the ash of modem volcanoes. "When the 
tufas are finer grained they usually exhibit a well-marked 
stratification, and can often be split up into laminae like an 
ordinary fissile sandstone. Organic remains not unfrequently 
abound in such laminated beds, and vary in their character as 
widely as in any other stratified rock, being sometimes land- 
plants, sometimes sea-shells. 

Such are some of the more obvious characters of the volcanic 
ashes or tufas, as developed among the carboiuferous rocks of 
central Scotland. Their great varieties of composition and 
general aspect render them a somewhat difficult set of rocks to 
master, but when fairly and fully understood they soon prove 
themselves to be by far the most interesting section of the 
traps, for one needs seldom to hesitate a moment as to their 
origin or date, while their fossil contents impart to them an 
interest all their own. By comparing such rocks with the 
consolidated ash or fine dust and lapilli of a modem volcano, 
a remarkable resemblance of external characters is found to 
subsist ; and this likeness holds sufficiently close, when pursued 
into details, to show that the ancient and the modem rocks 
have resulted from the same source, that, namely, of volcanic 
eraption. The ash of active burning mountains falls down 
their sides loosely and incoherently, every successive shower of 
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fw acoriiE settling without much regularity on those that 
haxo gone before. The ash of the old carbouiliiruuB etuptious, 
however, waa Bhowered for the moat part over the sea o 
ftcrusa wide shoaling estuaries, at least it is only such portion 
of it as fell there that have come down to our day. Settling 
down among the mud and sand at tlie bottom, the volcanic 
matter accumulated in wide hurizontui beds, every marked 
inequality being smoothed down by the currents until a aeries 
of regnlarly stratified layere came to be foraw^, entombing imy 
organismB that might find their way to the bottom or be lying 
there at the time. The ash of terrestrial volcanoeB haa 
marked stratification beoanse thrown out ia open air, whOe 
that of the carboniferouB rocks of central Scotland ie distinctly 
bedded from having been deposited under water. 

Tafas and contemporaneous melted traps are very generally 
found together interstratified regularly with each other, and 
the inference to be drawn from tfaeu- juxtapoeition is of cou 
Bimply this, that at oue time liquid lava rolled ^ung the bot- 
tom of the water, while at another showers of volcanic dust 
and cinders settled down in succesBive Iwds. This active play 
of the igneous forces took place at the moutha of eatuaries or 
farther to sea ; and it is accordingly sometimes nut a little inter- 
esting to trace, amid the sediment that accumulated below the 
water during the pauses between the emptiona, well-preserved 
remains now of plants ' that bad come drifting from the laud, 
anon of slim spirifera, and producti that swanned upon the 
hardened iava-streams, and amid the thickening volcanic mud that 
alowly sank to the sea-bottom. Such a sequence of events will be 
made plain from the following section, the materials of which are 
derived from different parts of the trappean region of Linlith- . 
gowshire. The undermost bed hure shown (^) is oue of marine 
limestoue, alwunding with eucrinal jointa, corals, spirifera,, and 
other undoubtedly marine organisms. Above it comes a layer 
of tufa or volcanic ash (^ of a dull green aspect, the boundary 
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Itne between the two rocka lying as dear as if the qnaiiTSian 

had marked it off with his foot-rule. The upper part of the 

ash, however, does not show an 

equally clear line of demarcatioii 

J,. ' ■■--^■'■■"'^—--^ with the Btratom above. On the 

- j contraiy, it gradnally changes its 

character, becomee more caJcaTe- 
ODH aa it goes up, with here and 
there a stone-lily joint or a stt^ 
prodactns, tmtil these orgaiuBiii! 
increase so much in niunber that 
the rock insensibly passes into u 
ordinary limestone (^ lilne that 
below. Next succeeds a thin 
seam of ash (*) resting sharply on 
the limestone aiid overlaid by a b«d 
of shale (') containing the same ma- 
rine organisms. Another stratum 
of ash (^ resembling those belo« 
follows the shale, and is snt- 
mounted by a close compact green- 
stone (J) that hardens the ash on 
which it resU^ bat produces no 
apparent alteration on the soft fissile shale (^ above it 
Nest is a fourth seam of volcanic ash (") resembling those be- 
low it, but without any. shells or crinoidal joints, the only 
foBwls observable being a few carbonized stems apparently of 
calamites and lepidodendra. Above it comes a bed of white 
quartzy sandstone (***) with similar vegetable remains, and then 
a layer of white stiff fire-clay (") with rootlets of stigmaria, 
above which lies a seam of coal (i^. A thin layer of soft blue 
shale Q^) here intervenes, somewhat baked along its upper por- 
tions by another bed of compact vesicular greenstone (i*), which 
display in places a well-marked columnar structure. It ia 
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inted by a highly characteristic ash (""), in which there 
occur numeroua lai^ hombs chiefly of trap of different kinds, 
some of them, highly yesicukr. Frngments of shale iiko occur, 
mingled here and there with black csTbonured fragments of 
coal-measure plants, but witiiout &uy of the shells and other 
marine organisms so abundant below. The topmost bod is a 
grey carbonaceous sandstone (^^), underlying a thin covering of 
v^table mould. 

Such is the skeleton, as it were, of the section ; the mere 
diy bones which remain to the geologist, and which he must 
study closely to bo able to give them life agmn. The lowest 
bed visible, with its stone-lilies and molluscs, we readily recog- 
Diae as marking an old ocean-bed, so that the little episode in 
the primeval records of our planet hero presented to us opens, 
like the two great epics of antiquity, within sound of the wide- 
roaring sea. The seam of aah which follows shows, from the 
sharpness of its line of demarcation with the limestone, bow the 
denizens of the sea-bottom were suddenly deatrc^ed by a thick 
shower of volcanic dust that settled down over their remains. 
The waters, however, soon cleared, and ere long stone-iilies and 
producti were plentiful as ever, mingling their remains among 
the upper layers of the soft mudJy ash, und giving rise there- 
from to a sort of calcareous ash or ashy limestone, ontil in the 
comae of time the volcanic matter became wholly covered over by 
a seam of ordinaiy limestone. The corals and stone-lilies were, 
however, anew destroyed by the deposition of volcanic dust that 
settled over them us a seam of ash, after which the water was 
a^n rendered turbid and muddy by the inroad of foreign 
matter, which, brought down by rivers or by the changing 
currents of the ocean, sank to the bottom and eventually con- 
solidated into a seam of shale. Thereafter the volcanic forcea 
began once more to qect a quantity of dust and scorije that fell 
into the water and spread aloog the bottom as a stratum of ash, 
and to pour out a current of lava which hardened into a great 
tjAfiet visible now as the undermost gieftu^rau^ ni "O^^ ' 
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. The emission of the lava seems to have terminated the eruption, 
for the next stratum is one of shale like that below the ash, 
so that the muddy sediment, the deposition of which was inter- 
rupted for a while by the volcanic products, began afresh to 
settle down along the sea-bottom. This last condition of 
things seems to have continued for a considerable period, seeing 
that the shale bed is relatively thick, and from its fissile 
laminated structure indicates a slow and tranquil deposition. 
Another eruption of volcanic dust and ashes again interrupted 
the detrital deposits, and gave rise to another seam of tufa. 
This last subterranean movement seems to have considerably 
altered the general contour of the sea-bottom, and so elevated 
it, at least at one part, that a thick accumulation of sand, and 
subsequently of clay, filled it up to the level of the water 
or nearly so, giving rise to a dense growth of the stigmaria 
and other coal-measure plants whose roots are still seen im- 
bedded in the fire-clay on which, as a soft muddy soil, they 
originally grew. It is probable, however, that, notwith- 
standing such elevations of the sea-bed, there was a general 
subsidence of the ground during the accumulation of these 
strata, for we see that the peaty morass, represented now by 
the coal-seam, ere long sank beneath the waters, with the 
inroads of which it was unable to keep pace, while there slowly 
silted over it a muddy sediment that hardened at length 
into what is now a seam of shale. But this order of things 
had been in existence for but a comparatively short period when 
the igneous forces broke out again, ejecting a stream of molten 
lava that spread along the bottom of the shallow waters and 
hardened as before into a sheet of greenstone. This was fol- 
lowed by an abundant shower of dust and lapilli, along with 
numerous large masses of greenstone and basalt These falling 
into the water accumulated on the upper surface of the lava- 
stream, then somewhat cooled, and formed in the end a stratum 
of ash of a rubbly conglomeritic aspect. That the sheet of 

greenstone really spread out aXoug tVi"fe «ie»rbottom before the 
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qection <jf the aah, and vaa uut mtmded among the beds at a 
later period, — that, in short, it must be regarded aa a contempo- 
raneouB and not bb an intnisive rock, eeema eulScientlj shown 
by its great regularity and evenness, and by the unaltered con- 
dition of the Sne soft felspathic matter whicli covers its upper 
surface. It vaa assurediy in a highly-heated condition when 
ponred out, as may be gathered from the bated aspect of the 
mud over which it rolled ; but it had cooled and solidified, at 
least along its upx>er surface, ere buried beneath the shower of 
ashes. The laat bed exhibited in the section is a grey sand- 
atone, with many carbonaceous streaks and traces of land-plants, 
showing a x>auae iu the volcanic activity of tlie iliEtrict, during 
which the streams from the land brought down sandy sediment, 
with an abundant admixture of macerated leaves, branches, and 
other drift-wood. 

It thus appeajs tliat not only were the plains and hills of the 
Cwboniferous era richly clothed with vegetation, and ita waters 
crowded with animals, hut that then, as now, subterranean 
forces were at work, sometimes elevating, sometimee depreraing 
the area alike of the laud and of t!ie sea; while, not unfrequently, 
melted lava rose froia below, rolling along the bottom of the 
waters, and showers of ashes were flung far and wide through 
the air, settling at last as a tluckening sediment along the floor 
of the sea, or athwart the marshy swamps of the delta. Whether 
the interior of the laud had burning cones among its pine- 
oovered hills we know not yet. Such, however, probably ex- 
isted ; nay, there may have been among the higher peaks 
some " snowy pillar of heaven," like the ^tna of Pindar, 
raising its smoking siunmit amoug everlasting crags of ice in 
solitudes lifeless and bare.^ 

I Tba UghBM iioLdU of Now Zealand, unriy ID.DOO feU than the sea, ub raid to M ' 

fennu tiiDH, llieie eiitted BDmoHtacri! bi lbs van ol wb&t ii doif cauml Smlland, > 
eb^n of hilli SOOD or BiOO fuel high, ttcir summiU rnl|jl.t porhip" boia 
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Our boulder has eerved ua like tlie mlnatrels in modem 
Gothic poetiy, who appear betweeu the cantos, and give an ait 
of unity and completeneaa ti» what would otherwise be often 
lambling and unconnected. And now, at the clo^, it comes 
again before ub, lying in its bed of clay, clustered with mosBes 
of brightest green, and overshadowed by its flickering canopy of 
beechen leaves. Silent and senseless, the emblem, seemingly, 
of cslm repose and unchanging duroibility, vhat could we have 
conceived it should have to chronicle, save the pacing, per- 
chance, of many a wintiy December and many a sultry June. 
Such, indeed, would be the character of its records of the cen- 
turies that have passed away since the birth of mau, did any 
such record survive in its keeping. But it rests there as the 
memorial of far earher centuries, and of an older creation ; and 
though now surrounded with all that is lovely or picturesque — 
the twinkling iloweis on every side, the wide arch of boughs 
overhead, and the murmuring streamlet in the deU below — and 
though forming itself no unimpressive object in the scene, the 
L boulder looks out upim us unconnected with anything around, 
•like a sculptured obelisk transported from the pkins of Assyrin 
r to the streets of London, it offers no link of association wi^ 
the order of things around it ; its inHcriptions are written in 
hieroglyphics long since extinct, but of wHch the key yet 
remains to show us that the rocks of our planet are not maaws 
of dead, ahapelesa matter, but chronicles of the past ; and that all 
the varied beauty of green field and waving wood is but a thb 
veil of gossamer spread out over the countless monuments of 
the dead. We have raised one little comer of this gauze-hke 
covering, and tried to decipher the memorials of bygone creations, 
traced in clear and legible characters on the boulder. First, 
tbere lies spread out before us a wide arctic sea, studded with 
icebergs that come drifting from the north. Here and there a 
bare barren islet rises above the waste of waters, and tie packed 
ice-Soea often strand along its shores, while at other ]>artB great 
towering bergs, aground in niii-ocetm, Viic? vwm?, ond fitUing' | 
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the heavinga of the surge, and aeem ever on the vei^ of 
toppling into the deep. But thi» scene, ao bleak and lifeless, 
erelong fades away, and we can deacry a wide archipelago of 

ialanda, green well-nigh to the water's edge, and looking hke the ^_ 

higher hill-tops of some foundered continent. The waves are ^H 

actively at work wearing down the shores, which present for ^H 

the moat part an abrupt cliff-line to the west. This picture, ^H 

too, gets gradually dim, and when the darkness and haze hare ^H 

cleared away, the scene is wholly new. For miles around there ^H 

spreads ont an expanse of water, tike a wide lake, thickly dotted ^^M 

with isletfl of every form and size, clothed with a rich vegeta- ^^ 
tion. Here a jungle of taU reeda slioots out of the water, clus- 
tering with star-like leaves ; there a group of graceful trees, 

fluted like the colnmna of an ancient temple, and crowned by a | 

coronal of sweeping fronds, spread out their roots amid the soft ^H 

mud. Yonder lies a drier islet, rolling with ferns of every shape ^^M 

and size, with here and there a lofty tree-fern, waving its mas- ^^M 

sive boughs high overhead. Tlie vegetation, rank and luxuriant ^^ 
in the' extreme, strikes ua as different from anything visible at 
the present day, though, aa our eyes reat on the muddy dia- 

colonred current, we can mark, now and then, hnge trunks, .,|J 

branchless and bare, that recall some of the living pine-trees. ^H[ 

The denizens of the water seem to he equally strange. Occft- ^^M 

sionally a maaaive head, with sharp formidable tuska, peers above ^H 

the surface, and then the gleam of fins and scales reveals a ^^ 
creature some twenty or thirty feet long. Gkncing down into 
the clearer spots, we can detect many other forms of the finny 

tribes, all cased in a strong glistening armature of scales, and ^|| 

darting about with ceaaeleaa activity. Beyond this aeene of ^H 

almost tropical luxuriance, on the one side, lies the blue ocean, ^^M 

with its countless sheila and corals, ita atone-liliea and sea- ^H 

urchins, and ita large predaceoua iish ; on the other aide stretches ^^ 
a iar-off chain of hills, whose nether slopes, dark with pine- 
woods, sweep down into the rich alhivial plains. And then this 
Igdarape, too, fades slowly awa.'j, ttni X\fliJ«. fia-^KMsa Juaciasft^^^ 
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Yet througli the gloom we feel ever and 
rumbUng cnrthquake, and see in the distance the glare of some 
active volcano that throws a ruddj gleam amid the pumice and 
a«hea, ever diuiciag along the Burface of the eea. And now this 
luBt aeenu melts away lik? the rest, and dark night (%>in(-s down 
in which we can detect no ray of light, and beyond which we 
cannot go. Tiio record of the boulder can conduct us no fur- 
ther into the history of the past 

The Hune principles which have been pursued in the previooB 
pagea in ctuddatiiig the history of the Carboniferous system, 
will conduct the reader to the true origin and age of any group 
of rocks he may encounter, whatever ita nature, and whereso- 
ever its locality. Let him, therefore, in his country ramble^ 
Beck to verity them in ralley and hillside, by lalce and cataract 
and along river-course and Bca-shore. Let liim not be content 
with aiinply admiring the picturesque grouping of rock-masM) 
but rather seek to interpret their origin and history, tracing 
thera step by step into the post, amid ages long prior to man. 
, Buch a process will give him a yet keener relish for the beautia 
h of their scenery, by ever calling up to hie mind some of <JioU 
' Btriking contrasts with which geology abounds. In the stillneM 
of the mountain-gien, he will see on every side traces of tlw 
waves of ocean, and when dipping his oars into the unruffled 
sea among groups of wasted rocks, milea from shore, he will be- 
think him, perchance, of some old forest-covered land, of whidl 
these battered islets are the sole memorials. Eia enjoyment of 
the scenery of nature is thus increased manifold, and he carriei 
about with him a power of making even the tamest landscape 
interesting. Cowper, in one of his exquisite letters, remarks, — 
" Everything I see in the fields, is to me an object ; ami I can 
look at the same rivulet or at a handsome tree, eveiy day of 
my life, with new pleasure." Had the sweet singer of Olney 
. lived to witness the results obtained by the geologists whom he 
I .>tatiiized, he would perhaps have sauntered idong the Ouse with 
' pleasure, and hwe Mt & y* mme isSBMa delij^w* 
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eaatSig his eyes »tbwart the brefl/dth. of landscape that epreada 
out aroitnd the " Peasant's nest" 

Such, however, are after all only secondary incentives to the 
study of the rocks. As a mental exercise, geology certainly 
yields to none of the other sciences, for it addressea jteelf at 
once to the reasoning powers and to the imagination, and may 
thus be made a, source both of intellectaal training and of 
delightful recreation. Of none of the sciences is it so easy to 
get a general amatter, yet none is so difficult thoroughly to 
master, for geology embraces all the sciences. In so wide a 
field, the student win therefore find ample room to expatiate. 
In beginning the study, he may perhaps think it, as Milton 
pictured the other paths of learning, " laborious, indeed, at the 
first ascent ; but else so smooth, ao green, so full of goodly 
prospects and melodious sounds on every side, that the harp of 
Orpheus was not more charming.'" If time and taste disincline 
bim to travel over the whole of the broad field, there are de- 
lightful nooks to which he may betake bimseltj replete with 
objects of beauty and interest, where he may spend his leisure, 
and by so doing not merely delight himself, but enlMge the 
bounds of human knowledge. So part of the domain can be 
too obscure or remote to reward his attention ; no object too 
trifling or insignificant : for the march of science, though a 
stately one, proceeds not by strides, but by steps often toilsome 
and slow ; and siie stands mainly indebted for her progress not 
to the genius of a few gigantic intellects, -hut to the united 
efforts of many hundred labourers, each working quietly in his 
own limited sphere. 

But the highest inducement to this study must ever be that 
80 quaintly put by old Sir Thonjiis Browne : " The world was 
made to be inhabited by beasts, but studied and contemplated 
hy man : 'tis the debt of our reason we owe unto God, and the 
homage we pay for not being beasts ; without this the world is 
still as though it had not been, or as it was before the sisth 
day, when as yet there was not & cie&taie "CtiaS, wsAft. >*soeks*^ 
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or gay there waa a world." Geology lifts off for us tht 
that BhrouiLfi the iiast, and lays bare the moDiunenta of succee- 
Mve creationB that had wime and gone long ere the human race 
began. She traces out the plan of the Divine working during 
■ vast cycle of agoe, ^nd poiata out how the past dovetails with 
the present, and how the existing condition of things comes in 
H but the last and archetypal economy in a loug progressive 
seriea. By thus revealing what baa gone before, she enables 
OB more fully to undciBtand what we see around m now. Much 
that is incomplete she restores ; much that is enigmatical she 
explains. She teaches us more fully man'B true position in the 
created universe, by showing that in him all the geologic ages 
meet — -that he is the point towards which creation has ever beat 
tending. How far the facts brought to light by geology may 
bear upon the future, will not, perhaps, be solved imtil that 
future shall have come. There is, nevertheless, in the meanwhile, 
material enough for solemn and earnest reflection. Mid as years 
go by the amount will probably be always increasing, For we 
tnUBt ever be only learners here, and when nil earthly titlea ind 
distinctions have passed away, and we enter amid the realitin 
of another world, we shall carry with us this one common tunw 
alone. It will, perhaps, be then as now, that only 

And it can surely be no unmeet preparation for such a so^ 
in humble faith to read the records of His doings which tiie 
Almighty has graven on the rocks aromid as. Many pToblenu 
meet us on every liand^ problems which it seems impossible for 
us now to solve — and as the circle of science ever widens, its 
enveloping circumference of difficulty and darkness widens ia 
proportion. It is, doubtless, well that it should be so ; for we 
are thus taught to regard our present state as imperfect and ifr 
complete, and to long for that higher and happier one 
i/ the itedeemer to those that love Hint, when " we shidl 
tiummghfy even as we are ttwjrcnigliV^ Itaotiu." 
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TABLE OF FOSSILIFEROUS ROCKS. 
Ltbll'8 Elementt, p. 109. 



1. RECENT. 

2. POST-PLIOCENE. 

3. NEWER PLIOCENE. 

4. OLDER PLIOCENE. 

5. UPPER MIOCENE. 

6. LOWER MIOCENK 

7. a UPPER EOCENR 

7. b MIDDLE EOCENE. 

8. LOWER EOCENK 



} POST-TERTIARY. 
} PLIOCENE. 
\ MIOCENE. 

EOCENR 



} 



TERTIARY 

or 
CAINOZOIC. 



9. MAESTRICHT BEDS. 

10. UPPER WHITE CHALK. 

11. LOWER WHITE CHALK. 

12. UPPER GREENSAND. 

13. GAULT. 

14. LOWER GREENSAND. 
16. WEALDEN. 

16. PURBECK BEDS. 

17. PORTLAND STONE. 

18. KIMM BRIDGE CLAY. 

19. CORAL RAG. 

20. OXFORD CLAY. / 

21. GREAT or BATH OOLITR 

22. INFERIOR OOLITE. I 
28. LIAS. / 

24. UPPER TRIAS. \ 

25. MIDDLE TRIAS, 

or 
MUSCHELKALK. 

26. LOWER TRIAS. 



CRETACEOUS. 



JURASSIC. 



TRIASSIC. 



SECONDARY 

or 
HESOZOIC. 



2T. 



28. 
29. 



PERMIAN, 
or 
MAGNESIAN LIMESTONE 

COAL-MEASURES. 

CARBONIFEROUS 

LIMESTONE. 



! 



PERMIAN. 



30. UPPER DEVONIAN. 
81. LOWER 

32. UPPER SILURIAN. 
38. LOWER 

34. UPPER CAMBRIAN. 

35. LOWER „ 



I CARBONIFEROUS. 



I 
) 

} 

i 



DEVONIAN, or 
OLD RED SANDSTONE. 

SILURIAN. 



\ 



CAMBRIAN. 



PRIMARY 
or 
PALEOZOIC 



bdihburob: t, covstabib, pbihtbb to bbr uajbsty. 
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